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Twenty-four cases of sprue, with a pernicious type of anemia, were 

studied for the purpose of contrasting these with cases with a non- 
megaloblastic type of anemia, some of which were not even due to 
sprue. 

Before consideration of these particular cases, it is necessary to 
state the classification on which they are based in this paper. The 
anemias are considered as falling into one of two divisions: (1) the 
nonmegaloblastic, or so-called “secondary” anemias, and (2) the megalo- 
blastic, medullary or “primary” anemias. The distinction between these 
two forms of anemia has always been readily recognized in hematology, 
but the advent of liver as the therapeutic agent for the treatment of 
patients with megaloblastic anemia has brought with it a ready means 
of further dividing the pernicious anemias into those which yield a 
definite rise in reticulocytes and those which do not produce this 
phenomenon after treatment. For convenience, and because it seems 
rational, I have found it useful to divide these “pernicious” types of 
anemia into (1) dysplastic, (2) hypoplastic and (3) aplastic types. 

The reasons for these designations are based on the pathologic 
observations and the clinical evidence after the use of liver in treatment. 
Granting that the reticulocyte is an immature erythrocyte, the product 
of the mother cell, the megaloblast, and further granting that in this 
type of anemia the megaloblast lacks some as yet undefined substance 
found in highest concentration in the liver, to enable it to give birth 
to young erythrocytes, it is proposed that von Biermer’s term “dysplastic 
anemia,” which implies the true pathologic state involved, be adopted 
for those cases of anemia heretofore termed pernicious, or primary, in 
which a well defined shower of reticulocytes occurs following the use 
of liver or some adequate extract. 

What happens in hypoplastic anemias is more or less a matter of 
conjecture, but whether the marrow is overcrowded with megaloblasts, 
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as in the former case, which in spite of this undefined stimulus have 
failed to respond, or whether there has been a great reduction in the 
number of megaloblasts to a point far below normal and the numbers 
sull remaining are insufficient, notwithstanding the stimulus, to produce 
a well defined rise in the number of reticulocytes in the circulating blood, 
the fact remains that one is justified in using the term hypoplastic in 
those cases in which liver preparations have failed to produce a shower 
of reticulocytes. 

As for the aplastic anemias heretofore found in younger people and 
generally conceded to be a rare form of pernicious anemia, the only 
possible justification for the diagnosis can be found in a biopsy or in the 
death of the patient and the examination of the bone-marrow histo- 
logically. While clinically an aplastic anemia may be suspected, it 
must be remembered that many patients with the hypoplastic type dic 
without reaching the point at which one fails to find megaloblasts in the 
osseous medulla, or at which only a negligible number are found. 

So much for the anatomic facts. Now as to the pathogenesis. When 
the marrow fails to replace the blood elements lost in circulation, a 
state of exhaustion of the hemopoietic organs is established which 
nature tries to remedy by multiplying the number of megaloblasts. 
Whether or not this condition is originally due to lack of that mysterious 
something which the liver particularly furnishes is immaterial, as in the 
end there is an insufficient nutrition of the mother cell, the megaloblast. 
Certain poisons other than that produced in idiopathic pernicious anemia 
can bring about an anemia which is pernicious. A pernicious anemia is 
seen at times in severe uncinariasis, in bothriocephalus anemia, in 
streptococcic anemia, and, as will be shown in this paper, in the anemias 
of sprue. Of course, the particular poisons generated in each of these 
distinct clinical entities must be more or less different, albeit more or 
less similar; hence there are small or moderately well defined differences 
in the hematologic picture, as modified by specific toxins in each. One 
can hardly expect the hypothetical toxin of the typical addisonian anemia 
to produce a clinical, or even a hematologic, picture identical with that 
produced in sprue ; but what seems to be fundamental is that all anemias 
which bring about a failure of the hemopoietic organs rest on a fairly 
uniform pathologic condition of the bone-marrow and must be classified 
on this basis alone, namely, a failure of the megaloblasts to produce a 
sufficient brood of new erythrocytes to replace a steady and _ finally 
overwhelming loss of the blood elements in circulation. 

On this conception, the term “pernicious anemia” not only should 
not be rigidly limited to that particular form which has always been 
considered classic, to the original addisonian anemia, but should be 
definitely eliminated as vague and unscientific. 

In this series of anemia, sixteen cases have developed during the 
course of sprue, and all but one of these were megaloblastic in type. 


ASHFORD—ANEMIAS OF SPRUE oF 


Eight of the sixteen were cases of dysplastic anemia, of which six 


vielded a definite rise in the number of reticulocytes after the admin- 


istration of liver extract prepared by Lilly and Company. In one case 
the patient yielded weak rises in the number of reticulocytes during 
the period of inoculation by Monitlia psilosis vaccines, and one patient 
responded to the use of the sprue diet almost as vigorously as did those 
given liver extract, although the curve was totally different and more 
prolonged. Seven of the sixteen cases of sprue anemia were hypoplastic 
in type; of these, only one showed a rise in the reticulocytes, and that 
rise was feeble and ineffectual while the patient was taking liver extract. 
In only one of the sixteen cases was the condition accompanied by a 
true secondary anemia, and it, incidentally, has been one of the most 
obstinate under treatment. The eight cases of anemia due to other 
causes than sprue were all nonmegaloblastic ; and in all there was no 
rise in the number of reticulocytes in spite of doses of the same liver 
extract which were similar to those given for the treatment of the 
dysplastic and hypoplastic types of anemia. 

As to results of treatment in the cases of dysplastic types of anemna, 
all but one of the patients were clinically cured during a period varying 
irom about two to five months. In the excepted case, the patient, while 
distinctly improved, is still in a severe condition due to the fact that 
she has failed to adhere to her diet, chiefly because of poverty. In 
only three of the eight cases of dysplastic anemia was there au 
erythrocyte percentage between 80 and 90; and these percentages were 
reached in fifty-six, seventy-seven and one hundred and _ sixty-seven 
days, respectively. In the eighth case, the rise was presumed to have 
occurred before the administration of liver extract was started. By 
rough calculation, the average number of days required for liver extract 
to effect a rise in the reticulocytes was five, the extremes being two and 
nine. The days consumed in effecting a rise in the reticulocytes from 
less than 2 per cent to the peak averaged three; the extremes were one 
and six. The days required for the percentage of reticulocytes to fall 
from the peak to below 2 were six, the extremes being two and four- 
teen. The total time during which the reticulocytes were above 2 per 
cent was ten days; the extremes were four and twenty. 

While these figures are insufficient for scientific deduction, they 
suggest that, in order to measure the effect of liver extract in dealing 
with a case of megaloblastic anemia, percentages of reticulocytes should 
he estimated at least twice a week in order to be fairly sure of noting 
a rise, 

Of the hypoplastic types, I may begin by criticizing the diagnosis 
in three of seven cases, for in only four can it be proved that a pre- 
vious rise in the reticulocytes had not occurred before the administra- 
tion of liver extract was begun. The diagnosis of hypoplastic anemia, 
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however, has been based not only on the lack of rise in the reticulocytes, 
but on the entire course, which demonstrates a slow and painful clinical 
improvement under adequate treatment. It must be remembered that 
liver extract was not available for administration until Jan. 1, 1928. 

The secondary anemias due to other causes than sprue are herein 
included for the sake of contrast, and the charts and histories would 
seem to serve the purpose intended. In only two cases was there any 
suggestion of sprue. 


THE MEGALOBLASTIC ANEMIA OF SPRUE 


The Price-Jones Curve-—The enormous amount of work involved 
in measuring the erythrocytes once a week was accomplished by my 
assistant, Miss Luz M. Dalmau, who also made all of the differential 
counts of leukocytes and many of the erythrocyte and leukocyte counts. 
Our joint conclusions follow. 

In an article by J. R. Bell, F. K. Thomas and J. H. Means,’ a 
study is made of the diameter of the red cell in twenty normal persons 
and in twenty-five suffering from pernicious anemia. These investi- 
gators used arithmetical probability sheets for plotting the curve of the 
diameter of the red cell, and calculated thus the double dispersion, 
which is a correct measure of anisocytosis, by subtracting the vaiue in 
microns at the point where the curve cuts the 16 percentile grade from 
the value at the point where it cuts the 84 percentile grade. The median 
is the point in the curve where it cuts the 50 percentile grade; at this 
point there are as many cells of a larger diameter on one side as there 
are of a smaller diameter on the other. The median, consequently, 
shows whether the cell population tends to be of greater or less diameter 
than that of the usual normal. These authors found that normally the 
range of the median lies between 7.4 and 8 microns, with an average 
of 7.7, and that the median about corresponds to the mean diameter. 
They found that normally there was a dispersion of from 1 to 1.2, the 
average being 1.1. 


In twenty-five cases of pernicious anemia, they found an average 
median of 8.6 and an average dispersion of 2.3 microns, the maximum 
being 3.6 and the minimum, 1.4. The largest red cell found by them 
in pernicious anemia was 13.9 microns, and the smallest, 4. They 
emphasized the fact, first enunciated by Price-Jones himself, that 
increased dispersion plus increased mean diameter is highly character- 
istic of the red cells in pernicious anemia. 


In our series of cases, measurements are correct up to 1 micron: 
in theirs, up to 0.625. In our series, weekly measurements were made 


1. Bell, J. R.; Thomas, F. K., and Means, J. H.: Studies on Red Cell 
Diameter; In Health and in Pernicious Anemia, J. Clin. Investigation 3:229, 1926. 
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of only 100 red cells for each case. Thus it will be seen that our 
routine and instruments were not set at so high a standard as that 
employed by the aforementioned authors. But it would seem that these 
imperfections are too small to warrant the sacrifice of time and expendi- 
ture of energy involved in their method; time, number of cases and 
extremely limited personnel being considered. 

The outstanding features in our cases of megaloblastic anemia seem 
to be: 

1. During the time before treatment has modified the blood picture, 
there is apt to be great disparity between the mean and median, the latter 
being nearly always of a much higher value. This phase is referred 
to on the chart as the first period. In cases in which the blood picture 
is not greatly modified throughout the whole course, the first period is 
merely the first half of the case. 

2. In that phase in which the blood values are probably affected by 
treatment (referred to on some charts as the second period), the value 
of the median descends to or near that of the mean, although the double 
dispersion remains little affected. This may not be a characteristic of 
the megaloblastic anemias of sprue alone, but it can be seen to be an 
outstanding fact in our twenty-four cases. Moreover, we do not recall 
having seen it mentioned heretofore in studies made of addisonian 
anemia, 

3. Notwithstanding the tendency of the median to approximate the 
mean as a result of treatment or of a spontaneous favorable turn in 
the course of the disease, the double dispersion in both periods remains 
fairly constant. That is the same as saying that after apparent cure, 
or at least after a more or less complete regression of all symptoms and 
a return to nearly if not normal erythrocyte and hemoglobin percent- 
ages, the degree of anisocytosis is only slightly reduced, and the mean 
still remains above normal. 

4. While the average mean in our cases was about that cited for 
idiopathic pernicious anemia by the three authors already mentioned, 
maximum diameters of red cells in our series frequently exceeded those 
found by them. N. Rosenthal of New York, on looking over some of 
our slides, stated it to be his impression that the cells in our cases were 
larger than those in idiopathic pernicious anemia. Of course, what he 
referred to was what Price-Jones so happily terms “the pernicious 
element in the red cell population.” On one occasion, not recorded in 
this series, a cell measuring 22 microns was encountered. 


5. The inspection of the plotted curve in our cases shows that what 
really changes in the blood picture for the better is the skewness of 
the curve ; in other words, as the patient improves, the fascicle of curves 
for two months, let us say, is smoother and more even. This is, in fact, 
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about the only differénce; for, as | have said, the mean and double dis- 
persion are practically unchanged. 

The Nucleated Red Cell in the Medullary Anemia of Sprue—..\ 
decided statement can be made to the effect that normoblasts and megalo- 
blasts in the circulating blood are not common. ‘They were found in 
only three of the sixteen cases of megaloblastic anemia, and then in 
small numbers. 


The Form of Erythrocytes.—I do not recall having seen a statistical 
account of the relative frequency of oval forms of erythrocytes in any 
considerable number of cases of idiopathic megaloblastic anemia. 
Nevertheless, of eleven cases of this type of anemia due to sprue, three 
yielded 80 per cent or more of perfectly round cells; six, from 60 to 
79 per cent; and only two, 44 and 54 per cent, respectively. Thus it 
will be seen that the majority of erythrocytes are round. As the patient 
improved, the percentage of round cells increased from 93 to 100. 

White Cell Count.—Of fifteen cases of megaloblastic anemia of 
sprue, six gave normal white cell counts; two rose from normal to 
leukocytosis ; one fell from normal to leukopenia ; five gave leukopenia, 
of which three rose to leukocytosis and one to normal, one remaining 
leukopenic; and one presented leukocytosis throughout the course of 
treatment. It is justifiable to state that, in 50 per cent of the cases, 
leukopenia is present at some time during the course of the anemia, and a 
rise to a mild leukocytosis with the patient under treatment is frequent. 


Varieties of Leukocytes in the Megaloblastic Anemias of Sprue.— 
In general, it may be said that the striking distortion of the normal 
differential count lies in the relative lymphocytosis at the expense of 
the neutrophils, and in the eosinophilia so frequently observed after the 
use of liver extract in dysplastic anemia. In the eleven cases which 
possess differential counts at more or less equal intervals, however, the 
aforementioned vagaries from the normal are by no means consistent 
at stated periods. In order to bring out a contrast between the as yet 
uninfluenced blood picture and the leukocyte formula at the end of the 
case, it was decided to make an average of the percentages of each 
variety of cell during the first month of treatment, and compare it 
with that of the last month, 

The average percentage of neutrophils at the beginning of these 
cases was 51.8; at the end, 64.6; the average leukocyte percentage, 40.4 
and 27.2, respectively; the average eosinophil percentage was 3.8 and 
5.8, respectively. Thus, though these figures, in general averages, sub- 
stantiate the rule, the observations in three of the cases are distinctly 
against the rule so far as the neutrophil-lymphocyte relationship is con- 
cerned. Moreover, when a rise in the number of eosinophils is noted 
with the patient under treatment, I find that there are only three cases 
in which a distinct increase can be noted. 


ASHFORD—ANEMIAS OF SPRUE 653 


An inspection, however, of the detailed blood charts shows marked 
rises in eosinophils after the first month of observation, which fall and 
often disappear during the last month. Obviously, therefore, the entire 
series of observations must be taken into consideration, not merely 
those of the first and last months. Considering, accordingly, the whole 
percentage curve for each of the three varieties of leukocytes, at some 
time or other during the course of treatment, ten cases, or 91 per cent, 
presented a relative lymphocytosis. The place to look for the evidence 
of eosinophilia is in the middle of the curve and not at the extremities. 
Eight patients, or 72.7 per cent, showed it at some time during the 
course of treatment; and in four cases, or 36 per cent, it was marked. 
I am therefore justified in stating that a well defined relative lympho- 
cytosis and eosinophilia at the expense of the neutrophils occurs in 
from three fourths to nine tenths of the cases of megaloblastic anemia 
due to sprue, in which the patients are under treatment with liver 
extract. 

In 1903, Ashford and King,’ reporting on the anemias of uncina- 
riasis, stated that “after treatment in chronic cases and those in the 
later stages of the disease, a rise in eosinophils may be expected, and is 
of good prognostic import. It may be due to a more active regeneration 
in the bone marrow. . . . When, however, there is a fall of eosino- 
phils, accompanied by lack of improvement in physical signs, death 
may often be the result.” 

Thus, twenty-five years ago, this same eosinophil phenomenon pre- 
sented itself in the severe anemias accompanying uncinariasis. 


CASES ILLUSTRATIVE OF THE TYPES OF ANEMIA FOUND IN SPRUE 


While only sixteen cases of the anemia of sprue have been closely 
studied, I have had many more which for one reason or another are 
incomplete, but which are complete enough to permit of a fairly sound 
diagnosis as to the type of anemia; and from all the evidence so far 
accumulated it seems justifiable to say that in not more than one halt 
of the clinical cases of sprue in which the patients present themselves 
for medical attention is there any considerable anemia. Indeed, I have 
had several cases of severe sprue with practically no anemia in which 
the outcome was fatal. Thus, it is clear that the belief that severe 
sprue and pernicious anemia are one and the same disease seems unwar- 
ranted. The real type of megaloblastic anemia to be expected in severe 
sprue is hypoplastic. From all I can gather from my confréres who 
are studying idiopathic pernicious anemia in the United States—a 
disease which does not appear to be frequent in Porto Rico, and which 


2. Ashford, Bailey K., and King, W. W.: A Study of Uneinariasis in Porto 
Rico, Am. Med. 6:391 and 431 (Sept. 5 and 12) 1903. 
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I have not seen in that country—the type is almost invariably dysplastic, 
and the rise in reticulocytes after the administration of liver or some 
adequate extract thereof is prompt, sharp and high. There seem to 
be more nucleated erythrocytes, and there may be still other although 
unimportant differences. 
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The following cases are detailed in order to bring out the principal 
points previously mentioned. 


Case 1—Dysplastic Anemia of Sprue—F. V., a white man, a Dominican, aged 
59, was first seen on Feb. 20, 1928. His normal weight was 147 pounds (66.7 Kg.) ; 
his present weight was 122 pounds (55.3 Kg.). He had gone to Paris two years 
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previously to consult well known authorities concerning a persistent “indigestion” 
with anemia. He was supposed to be suffering from the effects of a malarial 
infection which had started five years before, although examinations of the 
blood failed to reveal the parasite. Treatment failed to improve his condition, 
and he sought medical advice in New York. Complete physical and laboratory 
examinations were made, but the mass of data acquired merely demonstrated a 
secondary anemia and hyperacidity of the gastric contents. No diagnosis was 
made. The patient then had a lobar pneumonia. On recovery, he decided that 
he had sprue and appeared in Porto Rico. The hemoglobin content was 34 per 
cent and the patient was profoundly cachectic. 

Clinical analysis revealed incomplete sprue with absence of the characteristic 
tongue but a typical intestinal syndrome. The patient was placed on the stand- 
ard diet for patients with sprue, digestive aids, strychnine, oxide of magnesia 
and calcium carbonate, and was directed to take six vials of liver extract a day. 
A month later this patient was greatly improved, especially the condition of his 
blood, but the picture of sprue at times recurs, with excess of intestinal gas, and 
occasional diarrrhea. 


Maece 


Chart 1 (case 1).—In this and in charts 3, 5, 7, 9 and 11 the single line is the 
curve of the reticulocytes the percentage of which is indicated in the first column; 
the double line is the percentage of erythrocytes to a normal fixed at 5,000,000 per 
cubic millimeter, and the broken line is the percentage of hemoglobin, both of 
which are indicated in the second column. 


Comment.—This was a case of tropical sprue with a. veiled clinical 
picture. When the patient was seen in Paris and New York, the anemia 
was distinctly of the secondary type. It became medullary after an 
attack of severe pneumonia and was the outstanding feature on his 
arrival in Porto Rico. With the solution of the hematologic problem, 
the intestinal syndrome came out clearly, and still remains, although it 
is much less severe. 

At the time of admission to the hospital the erythrocytes numbered 
1,248,000; they rose steadily and rapidly to 5,080,000 in three months. 
The number of reticulocytes rose sharply in about a week after the 
administration of liver extract was begun, and dropped to normal in 
ten days. There were no normoblasts, and 25 per cent of the cells 
were oval or irregular; this percentage fell to 5 per cent after four 
months, 
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Chart 2 (case 1).—The upper chart shows curves for first period to March 22 
inclusive; the lower chart, those for the second period from March 26 to July 9, 
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At first there was leukopenia ; later the leukocyte count was normal. 
\ moderate relative lymphocytosis was observed during the course of 
treatment, as well as a slight eosinophilia. 

There was a disparity at first between the means and the medians: 
after this they tended to blend. The skewness of the curve was notice- 
able during the first period; this tended to disappear during the second 
period, 


Taste 2—Measurements of One Hundred Erythrocytes in Case 2 
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Case 2.—Dysplastic Anemia of Sprue—L. B. C., a white man, Porto Rican, 
aged 56, an overseer on a coffee plantation, was seen on Dec. 3, 1927. I had 
treated this patient ten years previously for sprue, and he had promptly recovered 
and remained well for seven years. Three years before the present examination 
he began to suffer irom indigestion, and at the present time had the most pro- 
found anemia that I have seen accompany sprue, with a hemoglobin of 13 per 
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cent, 8 per cent erythocytes and asthenia so great as to require his being carried 
into my office by two men. The picture of sprue was complete and typical. At 
the beginning of treatment the patient weighed 110 pounds (49.9 Kg.), his normal 
weight was 145 pounds (65.8 Kg.). 

He was placed on the standard diet for sprue and told to eat 1 pound of liver 
a day. This diet, with digestive aids, tonics and symptomatic remedies, was kept 
up for two months, with considerable improvement in the patient’s general con- 
dition, a prompt disappearance of the leading symptoms of sprue, and a gain 
of 1,250,000 erythocytes per cubic millimeter and 31 per cent hemoglobin. He 
was then given six vials of liver extract a day from February 1 to 5, and there- 
after three vials a day. After a month and a half of this additional treatment, 
he had gained 45 per cent in hemoglobin and 1,536,000 erythrocytes. He had a 
good color, was seemingly well, and did a vigorous day’s work without fatigue. 


Comment.—Fifty-nine days of an unusual quantity of liver in this 
patient’s diet did not prevent a sharp rise in the reticulocytes on the 
subsequent administration of liver extract. As in all other cases, the 
color index is still high and the hematologic picture is still of a per- 
nicious type. 

Four days after admission the red cells numbered 392,000 and 
steadily rose throughout five months to 4,048,000. The reticulocytes 
rose sharply three days after the first administration of liver extract, 
and fell again to normal in three days. There were no normoblasts, 
and on admission 28 per cent of the red cells were oval or irregular ; at 
the last blood reading they were 5 per cent. 

When the patient was admitted, he had a leukopenia, his white cells 
numbering 1,400; when he was discharged, he had a leukocytosis, his 
white cells numbering 12,700. When he began treatment he had an 
extremely high lymphocytosis ; under treatment pronounced eosinophilia 
occurred, eosinophils rising from 3 at the time of admission to 28 per 
cent. 

During the first period a marked skewness occurs which disappears 
in the second. In the second period the means and medians blend, but 
it will be observed that the dispersion is about the same in each period. 


Case 3.—Dysplastic Anemia of Sprue—M. R., a married woman, a mulatto, 
aged 23, was first seen on March 28, 1928. Her mother died of thyroid disease, 
and her sister, residing with her, had the same disease as herself. Up to 6 years 
before the present examination, she was healthy and well. At the time of admis- 
sion she weighed 81 pounds (36.7 Kg.), though her normal weight was 125 
pounds (56.7 Kg.). She stated that she had never suffered from indigestion. 
The disease began suddenly with vomiting and diarrhea, and within two or three 
days she had a raw tongue with white, foamy, intestinal movements. She had no 
appetite, and suffered from enormous gaseous distention of the intestine. One of 
the features in this case was nausea and vomiting, and there had been a great 
excess of saliva, alternating with dryness of the mouth. She was nervous, 
extremely weak, had severe myalgic pains and palpitation of the heart. There 
was marked numbness of the extremities, great depression of spirits and severe 
cramps in the legs. The mental apathy in this case was unusually marked, and 
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the patient seemed to be in a confused state of mind. She was deathly pale, 
with an addisonian tint of the skin, and she stated that she had not menstruated 
for eight months, although she was not pregnant. 

The patient was placed on the sprue diet, but in spite of the rise in reticulo- 
cytes, the blood values persistently remained the same, although she steadily 
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improved. The diarrhea, sore tongue and excess of gas promptly disappeared. 
As no improvement was noted in the blood, she was given one tenth of a 1 per 
cent suspension of a killed culture of Monilia psilosis by inoculation on May 1, 
and this was repeated on May 14. No benefit resulted, although there was 
again a rise in the reticulocytes. 

On June 5, she disappeared, both physician and patient having become wearied 
by these apparently unfruitful efforts at treatment, but throughout all this period, 


TARLe 3.—Measurements of One Hundred Erythrocytes in Case 3 
Disper- 
Date 3 4 5& 
$a 1 4 
1 4 6 15 
4/0 1 6 «1 B 
4g .. 
5/ 8 
.. 8 
= 
a 
4/3 23% 776,000 5,000 
4/5 27% 872,000 
4/13 save 960,000 3,600 
4/14 27% 
4/18 33% 728,000 3,600 60 2 3 
4/26 32% 944,000 40 
4/28 82% 
5/1 33% 904,000 4,520 46 44 28 6 a 2 
5/11 33% 50 46 4 
5/23 75 23 2 
6/4 58 38 4 
7/25 70% 3,500,000 7 23 
Date 
Date 


ASHFORD—ANEMIAS 


terres 238 


TT 


A 


IAT 


30 


+ 


——---+ 86 


ee OF SPRUE 661 
928 
mere 
|_ 19% 90 +++ 
; Chart 5 (case 3) 
ra > a ? e 2 's 's 
| 
} | | | | | } | 
| 
| | } | 
| } rai A 
——f / 
| 
4 | 1 
| |Z | 
| / | | } 
| i | | | | 
| | | | | 
} | | 
| | | 
3 s 7 8 2 'o is 
Chart 6 (case 3) 


662 ARCHIVES OF INTERNAL MEDICINE 


and up to the last time I saw her, she had faithfully kept her diet. No liver 
was consumed by her at any time during or before this period, nor was any 
liver extract given. On July 25, I remarked to Dr. West of Columbia University 
that I had a case in which the patient had not improved on my diet, and offered 
her for experimentation for testing out a liver extract fraction on which he was 
working. I was surprised, on looking her up, to find a healthy, fat, rosy-cheeked 
woman weighing 125 pounds (56.7 Kg.). The patient was cured. 


Comment.—This case seems to offer some striking evidence tend- 
ing to demonstrate the capacity of the standard sprue diet for producing 
a similar effect in the pernicious type of anemia in sprue to that pro- 
duced by liver in the idiopathic pernicious anemia of the North. Taken 
with the evidence brought forward in case 4, it further shows that an 
increase in reticulocytes may follow the injection of a foreign protein, 
in this case Monilia vaccines. 

On the patient’s admission to the hospital, the red cells numbered 
824,000; four months later, they numbered 3,500,000. The reticulocyte 
curve was different from that produced by liver extract; it began five 
days after the sprue diet was started and then sluggishly rose and fell, 
extending over a period of nearly three weeks and being marked by 
brusque intermissions. The secondary rises seem to have been pro- 
duced by Monilia vaccines. The normoblasts reached 75 per hundred 
thousand red cells; microblasts, 68 per hundred thousand. On admis- 
sion, the oval and irregular cells formed 56 per cent of the total num- 
ber ; at the last reading, the percentage had fallen to 7. 

The leukocytes were normal in number, but there was a high lympho- 
cytosis and a slight eosinophilia with the patient under treatment, the 
eosinophils rising from 1 per cent on admission to 6 per cent. 

The Price-Jones curve presented a typical skewness throughout, 
except the last tracing which was straighter. This case is notable for 
its relative microcytosis from the first. There was a high double dis- 
persion, 3.05 microns, three months after treatment had been begun; 
six weeks later, the mean had fallen to normal. It is curious that this, 
the most microcytic in type of all of our cases of medullary anemias, 
should present the largest red cell ever seen by us, 22 microns. 


Case 4.—Dysplastic Anemia of Sprue—D. F., a white woman, a Porto Rican, 
aged 26, married, without children, was first seen on March 5, 1928. The patient 
had always been strong and healthy up to three months previous to admission 
to the hospital, when she had an attack of acute sprue. She presented the typical 
picture of a severe type of the disease. Her normal weight was 120 pounds 
(64.4 Kg.); her weight at the time of admission was 100 (45.4 Kg.). Mental 
apathy was marked, and she had severe cramps in the legs and numbness of the 
extremities. 

The favorable effect of the standard diet was explained to the patient, but 
she informed me that she was unable to buy anything but rice, beans, lard and 
codfish, with the usual cheap condiments. I then proposed that she allow me to 
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experiment on her with Monilia vaccines, to which she readily agreed. The 
contract was that she should eat all the fats, cereals and sweets that she could 
obtain. Vaccines were given weekly by inoculation, beginning with 0.1 cc.; the 
dose was increased at each subsequent inoculation by 0.1 cc. until 1 cc. had been 
injected, in a total of ten inoculations. After the third injection, she reported 
that she felt much better, and her apathy and confusional state of mind had dis- 
appeared. At this time also it was noted that the tongue ha become norma), and 
the diarrhea and excess of intestinal gas had disappeared. On the second or 
third day after each inoculation, however, the buccal and intestinal picture reap- 
peared for about twenty-four hours. After the fifth injection, her mental condi- 
tion seemed normal, the sprue picture had been effaced, and the skin became 
softer and of a better color. Notwithstanding all this, the blood values and body 
weight refused to rise, and on May 1) she weighed 96 pounds (43.5 Kg.) and 
hemoglobin content was 46 per cent. As by this time she was wearied of her 
visits to me, which involved a journey of mile and a half on foot, she failed to 


return. 
Just as I was completing the report of this case for the International Con- 


gress of Tropical Medicine, I discovered her address, sent for her on October 
26, and was rewarded by finding that she had apparently recovered. Her weight 
had reached 116% pounds (52.8 Kg.), and the improvement in her blood may 
be seen in the charts. She said that she had taken no treatment since her visits 
to my office, and that she had continued to eat as before, but unfortunately the 
obvious deduction permissible in this case is vitiated by her statement, on cross- 
examination, that she had eaten half a pound of liver a day for the first three 
weeks after she had been last seen by me. 


Comment.—In evaluating the effect of Monilia vaccines in this case, 
four things seem clear: 1. The picture of sprue disappeared promptly 
after the third inoculation and never returned. 2. There was a slight 
but unmistakable, although irregular, reticulocyte response to the inocu- 
lation of the vaccines. 3. These inoculations appeared to produce an 
ephemeral picture of sprue. 4. There was no apparent improvement in 
the patient's blood values and weight during the period in which she 
was receiving vaccines. 

As to the effect of a half pound of liver daily for three weeks sub- 
sequent to her cessation of visits to my office, the natural deduction 
would be that the liver was the cause of the rise in weight and blood 
values; but as patients in other cases of dysplastic anemia have 
failed to respond so favorably to liver feeding, it is reasonable to sup- 
pose that the vaccines may have had something to do with the final 
result. No specificity, however, is claimed, as the most natural con- 
clusion would be that the reaction had followed the injection of a 
foreign protein. 

The first two erythrocyte counts, a week apart, were 1,720,000 and 
2,282,000, respectively. Thereafter, for six weeks, the counts were 
between 1,100,000 and 1,500,000. Five months later, the count was 
3,496,000. There were 8 normoblasts per hundred thousand red cells. 
On admission there were 32 per cent oval or irregular red cells; this 
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rose to 93 per cent of round cells on the occasion of the last blood 
reading. 

On one occasion, leukopenia was present. A marked lymphocytosis 
developed during the course of treatment. There was a mild eosinophilia 
of 8 per cent at the beginning, which became high as the case terminated. 


TaBLe 4.—Measurements of One Hundred Erythrocytes in Case 4 
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A typical megaloblastic anemia curve with much skewness is seen 
which straightens up in the last tracing. 

Case 5.—Hypoplastic Anemia of Sprue—A. M., a white man, a Porto Rican, 
aged 71, was seen on Sept. 23, 1927. The patient was profoundly affected by 


anemia and much less by sprue, which, while it caused a raw tongue, did 
not cause most of the remaining gastro-intestinal symptoms. The liver was 
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extremely small, there was great asthenia, much numbness and tetanoid cramp- 
ing of the hands and feet. The blood pressure was 110 systolic and 80 diastolic. 

In this case, the patient had fallen from his normal weight of 135 pounds 
(61.2 Kg.) to 113 (51.3 Kg.), but the picture of pernicious anemia was marked. 


TapsLe 5.—Mecasurements of One Hundred Erythrocytes in Case 5 
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The icteric index was 13; the blood serum calcium was: total, 12.15 mg. per cent; 
diffuse, 6.51. The pu of the blood was 7.8 and the carbon dioxide tension in the 
blood, 60; the urine was normal. 
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In 1920, this patient apparently had been cured of an attack of acute sprue of 
the tongue of only one and one-half months’ duration, following treatment on 
my standard diet, and had remained well until June, 1927, when the present 
attack began. Curiously enough, this second attack was mainly of the tongue 
also, although he had suffered for a period of a month and a half from a white, 
frothy diarrhea. 

He was placed on my diet, and I saw him no more until December, 1927. The 
favorable change in his general condition had been remarkable; he had gained 10 
pounds (4.5 Kg.) in weight, but the hemoglobin was only 37 per cent and the 
erythrocytes 34 per cent. Despite a decided eosinophilia, no hookworm ova were 
found in the feces, and it is permissible to suspect that this eosinophilia was a 
favorable reaction to the diet prescribed. He was now urged to eat liver, which 
he managed to do in a desultory sort of a way until February 7, when he was 
placed on three vials of liver extract a day. He is now apparently cured. 
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Chart 9 (case 5) 


Comment.—There is no evidence that liver extract caused any 
improvement in this case. No reticulocyte response ensued, but it is 
possible that a previous response had been elicited by the sprue diet 
and that the high eosinophilia remained to testify thereto. Against this 
hypothesis is the extreme sluggishness in the rise of erythrocytes. For 
this reason, I have considered the case one of hypoplastic anemia, par- 
ticularly as it has been seen that the administration of liver extract, 
even after a month or more of the sprue diet with large amounts of 
liver feeding, did not, in case 2, prevent a typical reticulocyte peak. 
Nevertheless, whatever may have been the reticulocyte movement before 
beginning these observations, it is a fact that by the standard diet for 
patients with sprue I had apparently been curing persons with profound 
anemias of the pernicious type in the cachexia of sprue for at least 
ten or fifteen years before anything was known about liver in the treat- 
ment for idiopathic pernicious anemia. 

The red cells numbered 2,216,000 on the patient’s admission to the 
hospital and gradually increased to 5,848,000 throughout nine months 
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of treatment. Thirty per cent of these cells were oval or irregular on 
the patient’s admission ; only 5 per cent, on discharge. No normoblasts 
were ever seen. 

The leukocyte count was normal toward the end, when a leukocytosis 
was noted. The eosinophilia throughout the course of this case was 
often high. At one time, marked lymphocytosis was apparent. 

This case is in many respects one of the most illustrative in the 
series of the characteristics of the megaloblastic anemias of sprue. In 
the first place, the patient was an elderly man, in whom the exhaustion 
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processes incidental to his nutritional defects came to the fore. That 
these processes enveloped and overwhelmed the blood-making organs 
is seen in the severe degree of megaloblastic anemia. The mean is 
extremely high, the median a full micron higher, and the double dis- 
persion the highest of the series. So much for the first period, embrac- 
ing five weeks. 

In the second period, there was a marked reduction in the mean 
and in the dispersion as well as a blending of the median with the mean. 
This period comprised seven weeks. The persistent skewness in the 
first eight weeks is in striking contrast to the smoothed-out curve of 
the last four observations during the period of positive improvement. 


Case 6.—Nonmegaloblastic Anemia Due to Functional Disturbance of Diges- 
tion—A, C., a white woman Porto Rican, aged 49, married, with three children, 


TABLE 6.—Measurements of One Hundred Erythrocytes in Case 6 
Date 6 mum Median Mean sion 
2/1 8 48 40 4 “4 ‘a 9 6 7.15 7.4 
2/7 23 57 2 x ne oP 8 6 6.8 69 
2/16 8 47 39 4 1 1 1 6 7.2 7A 
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was seen on Feb. 1, 1928. The patient had always enjoyed excellent health, but 
was suffering from the menopause and a slight hemoglobinemia due to intestinal 
intoxication, in turn the result of psychic disturbances suspending digestion. She 
was given three vials of liver extract a day from February 2 to 18. 


Comment.—There was no response to liver extract. Treatment was 
not accompanied by clinical improvement. There was, however, a rise in 
the number of erythrocytes and in the hemoglobin 

The only deviation from the normal for a simple hemoglobinemia 
was the wide double dispersion revealed by the Price-Jones curve. 
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Case 7.—Nonmegaloblastic Anemia Due to Functional Disturbances of Diges- 
tion (on-coming sprue’?).—M. H., a white woman, a Porto Rican, aged 28, 
married, who had two children, was seen on Feb. 22, 1928. This was a case of 
nutritional unbalance since childhood, with excess of fats, sweets and cereals and a 
constant suspension of digestion from emotive disturbances. The patient had 
been deprived of healthful exercise and had lived in an emotional world of her 
own in which every whim had been gratified by her family. The clash between 
her irrealizable ideals and the facts of her life for which she was unprepared 
had left her, consequently, a nervous wreck. In short, she had a charming per- 
sonality with violently changing moods, and had never grown up. These details 
are submitted to illustrate the part which instability of the nervous system can 
play in the production of the syndrome of nutritional unbalance and later of sprue. 

There had been an enormous loss of weight but as yet no definite syndrome of 
sprue. The blood pressure was 95 systolic and 65 diastolic. The administration 
ot liver extract was begun on February 27 and suspended on March 28. 


Taste 7.—Measurements of One Hundred Erythrocytes in Case 7 
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Tape 8.—Price-Jones Curves in the Megaloblastic Anemias of Sprue 
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Comment.—As yet, clinical sprue cannot be detinitely diagnosed, 
but from just such cases sprue is most frequently recruited. The case 
may be interpreted as one of sprue in the making, as there is a history 
of chronic indigestion with sharp attacks of hill diarrhea on gong to the 
mountains, 


As in the previous case, there is a wide double dispersion with an 


approximately normal mean and median. There is, however, in this 
case a definite anemia and a relatively high percentage of oval and 
irregular red cells. 


ARTERIOSCLEROSIS IN THE YOUNG 
DIABETIC PATIENT * 


H. CLARE SHEPARDSON, M.D. 
SAN FRANCISCO 


By the addition of insulin to the armamentarium for diabetic ther- 
apy, the span of life, relatively short heretofore, has been materially 
lengthened ; consequently, a more exact knowledge of the effects pro- 
duced by the long-continued presence of the disease is now obtainable. 

Perhaps the most significant consequence of this increased longevity 
in the diabetic patient has been to make more plainly evident the inter- 
esting sequence of arteriosclerosis on diabetes. Is this a phenomenon 
due simply to age, or are there signs of its approach in the young? In 
this paper is recorded evidence bearing on this point, obtained in study- 
ing the effects diabetes of five years’ duration has on persons under 
40 years of age. 

Arteriosclerosis is demonstrable in every patient with diabetes past 
middle life, according to Allen,’ and at any age, according to others, 
providing the disease has been present for ten years or longer. 
Autopsies on fifty-two of Joslin’s* patients revealed the presence of 
arteriosclerosis in all persons, nineteen, who had had the disease for 
more than five years. Wilder * reported the observations in eighty-one 
autopsies on diabetic patients and noted a high incidence of arterio- 
sclerosis. Gibb and Logan‘ found evidence of vascular disease in 
sixty-three of one hundred and forty-seven necropsies on diabetic 
patients. The duration of the disease, however, was more than five 
years in only about 15 per cent of the patients. 


* Submitted for publication, Aug. 26, 1929. 

* Read before the Section on Practice of Medicine at the Eightieth Annual 
Session of the American Medical Association, Portland, Ore., July 12, 1929. 

* This study was made possible through the courtesy of Dr. Elliott P. Joslin. 
Many ot the patients have been mentioned elsewhere and the case numbers given 
are from his series. I am grateful to Dr. Morrison and Dr. Bogan of the New 
England Deaconess Hospital Staff, who made and interpreted the roentgen studies ; 
to Miss Hazel Hunt for the various chemical examinations, and to Dr. Root, 
Dr. White and Dr. Curtis, associates of Dr. Joslin. 

1. Allen, F. M.: The Dietetic Management of Diabetes, Am. J. M. Sc. 
167:554, 1924. 

2. Joslin, Elliott P.: Arteriosclerosis and Diabetes, Ann. Clin. Med. 5:1061, 
1927. 

3. Wilder, R. M.: Necropsy Findings in Diabetes, South. M. J. 19:241, 1926. 
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Data of this kind, although of great importance, are meager. 
Furthermore, the possibility of making pathologic studies of young 
diabetic patients will decrease materially as their longevity increases. 
However, another method of study is available. Bowen and_ his 
co-workers * have shown that the presence of vascular sclerosis, espe- 
cially in the lower extremities, can be satisfactorily demonstrated by 
the roentgen ray. Although this method fails to visualize the early 
atheromatous changes in noncalcified arteries, positive observations, 
when obtained, are impressive. Bowen and Koenig °® recently published 
the results of their roentgenologic studies on 162 diabetic patients 
beyond the age of 40. They found demonstrable arteriosclerosis in 63 
per cent. Morrison and Bogan? made a similar study on 324 of Jos- 
lin’s patients and found that the incidence of arteriosclerosis varied 
from 40 per cent in the first quinquennium of duration of the disease 
to 92 per cent in the fourth quinquennium. Letulle, Labbe and Heitz * 
likewise have reported on the calcification of arteries in diabetes, as 
demonstrated by the roentgen ray. All of these contributions have 
emphasized the high incidence of arteriosclerosis in persons with dia- 
betes, but the observations of Morrison and Bogan are especially note- 
worthy in calling attention to the development of a premature senility. 
It is the latter aspect which is of particular significance, for until it is 
shown that continued exposure to diabetes results in the development 
of arteriosclerosis, not only in the elderly patient but in the youthful 
one as well, the etiologic role of diabetes will not be proved. 

The exact mechanism of the production of atheromatous changes is 
not well understood, but probably the most fitting explanation of the 
process is the “imbibition theory” originally advanced by Virchow and 
more recently amplified by Aschoff.? While this theory may not be 
universally accepted, it represents the most plausible one yet proposed 
for diabetic arteriosclerosis. According to this theory, atheromatous 


4. Gibb, W. F., Jr., and Logan, V. W.: Diabetes Mellitus, Arch. Int. Med. 
43:376 (March) 1929. 


5. Bowen, Byron D.; Koenig, Edward C., and Viele. Anne: A Study of the 
Lower Extremities in Diabetes as Compared with Non-Diabetic States, from the 
Standpoint of X-Ray Findings with Particular Reference to the Relationship of 
Arteriosclerosis and Diabetes, Bull. Buffalo Gen. Hosp. 2:35, 1924. 

6. Bowen, Byron D., and Koenig, Edward C.: Arteriosclerosis and Diabetes, 
Including a Roentgenological Study of the Lower Extremities, Bull. Buffalo Gen. 
Hosp. 5:31, 1927. 

7. Morrison, L. B., and Bogan, I. K.: Bone Development in Diabetic Chil- 
dren: A Roentgen Study, Am. J. M. Sc. 174:313, 1927. 

8. Letulle, Maurice; Labbe, Marcel, and Heitz, Jean: Calcification of 
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changes might well occur in young subjects, provided, as particularly 
stressed by Aschoff, there is a sufficient concentration of lipids and 
especially of cholesterol esters in the blood stream, a condition which 
because of the relatively high blood cholesterol content associated with 
diabetes '° may obtain in young as well as in elderly diabetic patients. 

The production of arteriosclerosis in animals has occupied the atten- 
tion of many workers, with rather diversified and inconsistent results. 
The subject was reviewed by MacCollum '' in 1922, at which time he 
expressed the opinion that experimental diets seemed the most promising 
means of producing arteriosclerosis in animals. Bowen® briefly 
reviewed the literature again in December, 1927, and suggested that 
a disturbance in the acid-base mechanism might play a role. Both the 
dietary factor emphasized by MacCollum and the disturbance in acid- 
base equilibrium stressed by Bowen are generally present in either 
poorly treated diabetic patients or patients treated on diets high 
in fat, for it is in just these persons, in whom fats are improperly 
metabolized, that there is to be found among other things both an 
increased concentration of cholesterol and the more favorable medium 
for its esterization, a high hydrogen ion concentration. 

These ideas, however, are largely speculative. There still remains 
much that is unknown concerning the metabolism of fats, not only in 
the diabetic but in the normal person, and the successful demonstration 
of the basic processes involved in the utilization of lipids will aid 
materially in clarifying the pathogenesis of atheromatous changes in 
the blood vessels of both normal and diseased persons. 


EXPERIMENTAL WORK 


In the present work, the early development rather than the mere 
presence of arteriosclerosis was especially investigated. In order to 
study the effects of diabetes on the vascular system, patients under 40 
years of age were selected, thus precluding a high normal incidence of 
arteriosclerosis. Furthermore, it was necessary to choose persons who 
had been exposed to diabetes over a period of time sufficient for its 
influence to be manifest. A minimuin duration of five years was 
consequently decided on. 

Although the fifty cases of diabetes included in this study constitute 
too small a number for far-reaching conclusions, especially when there 
exist in this country alone possibly 1,000,000 persons who have diabetes 
or who will develop it before they die (Joslin '*), it must be emphasized 


10. Joslin, Elliott P.: Treatment of Diabetes, ed. 3, Philadelphia, Lea & 
Febiger, 1923. 

11. MacCollum, W. G.: Arteriosclerosis, Physiol. Rev. 2:70, 1922. 

12. Joslin, Elliott P.: Treatment of Diabetes Mellitus, ed. 4, Philadelphia, 
Lea & Febiger, 1928, p. 131. 
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that the vast majority of diabetic patients are above the age of 40 and 
are consequently subject to the degeneration of advancing years. In 
this older group, it is impossible to separate the effects of the disease 
itself from the changes which are usually considered normal for per- 
sons past middle life. In attempting to ascertain the changes resulting 
purely from exposure to diabetes, children were, of course, the ideal 
subjects, but relatively few children are alive who have had the disease 
for five or more years. Consequently, the number was increased by 
including young adults, and it should be pointed out that as the intensity 
of diabetes decreases with the age of the patient, the disease in this 
group must be considered as being more severe than would be the dia- 
betes in a group in which the average age was from twenty to thirty 
years older. 

In this selected group of diabetic patients chosen because of an age 
period in which sclerotic changes are exceptional, the precise age of the 
person seems to bear little, if any, relation to the development of 
arteriosclerosis. The average age of these fifty patients was 23.4 years 
and the average duration of the disease was 6.93 years. Roentgeno- 
logic evidence of arteriosclerosis was demonstrated in eighteen patients, 
36 per cent, of whom the average age was 25.4 years and the average 
duration of the disease was 7.62 years, compared with an average age 
of 22.3 years and an average duration of 6.55 years in the remaining 
group of thirty-two patients, in whom no sclerotic changes were mani- 
fest. 

The youngest person in whom vascular disease was demonstrated 
(case 2661) was 11.5 years of age, although it should be stated that 
the alterations noted were not sufficiently striking to permit a positive 
diagnosis of arteriosclerosis. In case 2007, calcification of the peri- 
pheral vessels was plainly evident roentgenologically, in spite of the 
fact that the patient was only 12.9 years of age. He had had the dis- 
ease for 5.8 years. In addition to diabetes, this patient had a discharg- 
ing tuberculous cervical sinus, and films of the chest showed the pleural 
caps to be dense. He was of about normal weight. His basal metabolic 
rate was elevated, and his blood cholesterol was within normal limits. 


The most pronounced manifestations were found in case 6359. All 
of the larger vessels showed marked evidence of calcification, and in 
addition the entire pancreas was outlined by calcium deposits. The 
patient was markedly underweight (43.5 per cent) and continued to 
be so despite a diet of 2,047 calories, 60 calories per kilogram of body 
weight. A history of pleurisy accompanied by hemoptysis in 1923 was 
obtained, but no evidence of active tuberculosis was present when she 
was last examined. This patient was known to have had diabetes for 
5.1 years; she was 23 years of age. 
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For a considerable time prior to the date of investigation, most of 
the patients included in this study had been on a diet relatively high 
in carbohydrate as compared with diets before the use of insulin, but 
yet below what is termed today a high carbohydrate diet in the usual 


TasLe 1.—Effect of Diet oa the Incidence of Arteriosclerosis 


Duration Diet Basal Metabolism Roentgeno- 
0 A graphic 
Case Diabetes Oarbo- Pro- Calories Insulin, Evidence 


Units of Arterio- 


Number Age, Mellitus, hydrate, tein, Fat, per 24 
Gm Gm. Calories Hours Rate Daily  sclerosis* 


(Joslin) Years Years Gm. 


436 338.8 18.5 Variable 61 High peune 1,148 15— 12 +++ 
1469 20.8 10.0 190 60 oo 1,540 1,604 1— 64 0 
1009 21.0 10.3 90 6 127 1,743 2,127 28+ SO 0 
1616 13.8 8.3 101 73 118 1,758 1,166 16+ 24 ++ 
1714 34.4 8.8 76 &4 190 2,200 1,221 15— 22 +++ 
1729 27.1 9.1 100 69 1 1,756 1,795 5+ Be ++ 
1949 14.5 7.8 75 63 109 1,538 1,376 12+ 34 0 
1997 19.1 8.3 w@ oo 100 1,380 1,860 29+- 35 0 
2005 39.2 9.4 150 51 1,497 1,339 10 
2007 12.9 5.8 141 79 94 1,726 1,572 19+ 65 ++ 
2008 36.3 7.2 100 wo 90 1,450 1,413 18+ 30 0 
2024 18.1 16.9 41 4t 83 1,087 2,023 43+ 52 0 
2005 24.1 7.0 115 72 148 2,080 1,421 12— pi) 0 
2353 15.2 6.4 65 71 109 1,525 359 3+ 40 +4 
2448 2.0 6.2 100 60 100 1,540 Notdone Fever 30 tee 
2528 16.7 7.5 8 75 110 1,650 a 1+ 40 ++ 
2560 12.4 6.5 100 toh 100 1,556 1,213 6+ 4 0 
2615 D8 5.9 138 81 132 2,064 1,647 6+ None 0 
2617 19.8 5.7 127 73 108 1,727 1,123 16— 36 6 
2661 11.5 6.3 57 113 1,617 1,326 20+ 26 + 
2675 28.8 6.0 110 59 78 1,378 1,810 6+ None ++ 
2680 13.7 7.7 70 6 112 1,564 1,248 5+ 72 0 
2708 28.8 6.0 108 68 140 1,964 2,175 21+ 25 0 
2757 16.1 5.4 100 75 125 1,825 1,492 14+ 30 0 
2784 22.3 7.0 9 78 123 1,779 1,488 4— 40 6 
2811 SO.5 5.6 150 90 140 2,220 1,644 4— 10 0 
2847 17.5 8.5 Ot 71 104 1,476 1,508 13+ 51 6 
2962 17.4 5.0 75 ae 50 990 1,685 10+ 55 0 
2067 34.7 5.8 60 69 157 1,929 1,438 1+ 24 0 
3040 15.5 5.2 188 86 183 2,273 1,759 21+ 60 0 
3057 22.0 5.0 91 78 138 1,918 1,752 4+ 40 0 
3062 37.5 5.5 8&8 69 124 1,744 1,411 2+ 5O ++ 
3078 17.3 5.0 96 ticd 104 1,576 1,27 3— 5O 0 
3147 14.0 48 78 78 117 1,677 1,444 10+ 45 0 
3175 87.8 5.0 131 79 1s 1,812 1,505 9+ 40 ++ 
3262 12.3 5.2 108 68 140 1,944 1,116 Normal 18 0 
3332 22.0 5.0 14 79 192 2,460 Notdone.... 7 0 
3353 15.8 5.3 80 66 110 1,574 1, 380+ 45 0 
S620 16.4 5.3 73 58 94 1,870 1,626 37+ 45 +++ 
3729 29.5 5.0 61 56 126 1,602 1,299 8+ , 
3778 14.2 8.0 6 oO 100 1,380 1,283 7+ 0 
3852 6.9 8.6 && 62 118 1,662 1,208 7- None 0 
4111 38.8 6.5 &8 8 7 1,737 1,436 2— 0 
4232 20.5 64 86 6 118 1,682 1,543 10+ 35 +++ 
4743 9.3 4.7 75 @ 100 1,440 1,419 2- 15 0 
dae 22.0 5.5 118 7 142 2,068 1,733 44 45 ++ 
5978 2 5.5 109 62 % 1,539 1,274 13+ 2% 0 
6359 23.1 5.1 155 2,047 1,120 4— 35 +++ 
416 13.9 5.3 8) 80 141 1,909 1,776 39+ 49 0 
6717 37.5 12.1 133 55 56 1,256 1,321 5+ 20 +++ 

Average 23.4 6.93 97.8 68.2 114.6 1,699.2 1,488.5 35 


* In this and the subsequent tables, +++ indicates marked; ++, trace; +, questionable; 
0, none. 


sense. The proportions of carbohydrate, protein and fat contained in 
the diets of the various subjects are given in table 1. These data are 
summarized in table 6, which shows the average diet of the group in 
which roentgenologic evidence of arteriosclerosis existed to be carbo- 
hydrate, 102 Gm.; protein, 67 Gm.; fat, 112 Gm..; calories 1,684, as 


ple; 
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compared with the average diet of carbohydrate, 95 Gm.; protein, 69. 
Gm.; fat, 117 Gm.; calories, 1,709, of those patients in whom no 
abnormal vascular changes were found. It is interesting that the diets 
of the two groups were almost identical, there being a variation of only 
7 Gm. of carbohydrate, 2 Gm. of protein and 5 Gm. of fat. The pro- 
portion of food intake to basal caloric requirement was slightly higher 
in the group in which sclerotic changes were manifest, but this variation 
is so small as to be of little consequence. Perhaps the most interesting 
feature brought out by an analysis of the diets is the fact that the 
carbohydrate intake of the entire group was much higher than that 
permitted prior to the discovery of insulin. This is of considerable 
importance, for, as Joslin has suggested, the relatively high carbo- 
hydrate content of the diet (made possible by insulin) may definitely 
interfere with the development of vascular disease. As the quantity 
of carbohydrate oxidized seems to be of greater significance in main- 
taining a fairly normal blood lipid level than is the fat administered 
in the diet, the better ultilization of carbohydrate permitted by insulin 
may play an extremely important role in lowering the incidence of 
arteriosclerosis, even in long-standing cases of diabetes. 

Heretofore the blood lipids in diabetes have tended to be well above 
normal, and various investigators (Gray,’* Blix '*) have shown that 
the percentage of fat in the blood rises with the severity of the disease. 
In iact, Rabinowitch,’* after analyzing data obtained in 385 patients, 
found the plasma cholesterol a reliable index of the true progress of 
the diabetic patient. However, it probably can be assumed that the 
blood lipid level will remain relatively low, even in severe diabetes, 
provided sufficient insulin is administered to metabolize properly the 
carbohydrate element of the diet. Furthermore, there is a possibility 
that insulin has a direct influence on fat metabolism. Consequently, 
there is every reason to believe that Joslin’s suggestion regarding the 
effects of an increased utilization of carbohydrate on vascular disease 
is correct. The incidence of arteriosclerosis in the present series, which 
is considerably lower than former writings would have led one to 
expect, not only seems to confirm this, but suggests further that already 
within the first decade of the Banting era the high carbohydrate allow- 
ance has favorably retarded the development of arteriosclerosis. 

As has been repeatedly suggested in the more recent literature, the 
height of the blood sugar is probably not as accurate an indication of 


13. Gray, H.: Lipoids in 1000 Diabetic Bloods with Special Regard to Prog- 
nosis, Am. J. M. Sc. 168:33, 1924. 
14. Blix, Gunnar: Studies on Diabetic Lipemia, Acta med. Scandinav. 64:142, 
1926, 
15. Rabinowitch, I. M.: The Cholesterol Content of Blood Plasma in Diabetes 
Mellitus, Arch. Int. Med. 48:363 (March) 1929. 
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the severity of diabetes as is the evidence of impaired fat metabolism. 
This is further emphasized by the data given in table 2, in which are 
recorded the highest and lowest amounts of blood sugar obtained in 
the various cases. Consequently, it is not surprising to find that the 
extent of the glycemia has little influence on the development of arterio- 


TasLe 2.—Effect of Blood Sugar Range on the Incidence of Arteriosclerosis 


Duration of Roentgenologic 
Case Number Age, Diabetes Mellitus, Blood Sugar Evidence of 
(Joslin) Years Years Range Arterioselerosis 


0.09 - 0.27 
0.08 - 0.26 
0.18 - 


BARBER 


SSS 


BSS 


= 


36. 
18. 
34. 
12. 
30 
19. 
13. 
28. 


~ 


~ 


sclerosis. In several of the patients with no demonstrable sclerosis the 
blood sugar ranged between rather high limits (cases 1609, 3040, 3353). 
while in many of those showing definite arterial calcification, blood 
sugar determinations made on numerous occasions failed to reveal 
more than a nominal elevation. 

The data recorded in table 3 indicate that neither essential hyper- 
tension nor cardiorenal vascular disease plays an important rdle in the 
development of the arteriosclerosis associated with diabetes. Of the 
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four cases (the patient in case 1616 was in coma when the determi- 
nation was made) in which evidence of nitrogen retention existed, 
there were sclerotic vessels in three, and in only one of these an 
impaired kidney function. The latter patient (case 2005), aged 39.5 
years, had had diabetes for a least 9.4 years. All of the cardinal signs 
of cardiorenal vascular disease were present; the blood pressure was 
elevated, the phenolphthalein excretion was low, and there was definite 
nitrogen retention as well as fixation of specific gravity in the urine. It 
is, of course, impossible to state what relation diabetes had to the rather 
extensive arteriosclerosis this patient exhibited. Four others had 
moderately elevated blood pressures without evidence of renal path- 
ology: case 2675, blood pressure, 148 systolic and 100 diastolic with 
arteriosclerosis ; case 3332, blood pressure, 140 systolic and 90 diastolic ; 
case 3778, blood pressure, 130 systolic and 80 diastolic; case 3852, 
blood pressure, 156 systolic and 90 diastolic, in which no arterio- 
sclerosis was demonstrated. 

It is interesting to note that of the eighteen patients who showed 
sclerotic changes, four (cases 1007, 2448, 4232 and 6359) had or were 
known to have had tuberculosis, while of the group in which no 
sclerosis was evident, only one showed clinical or roentgenologic evi- 
dence of a tuberculous infection. Possibly the alteration in calcium 
metabolism and the effect on blood cholesterol which tuberculosis has 
been shown to cause '® are contributing factors in the development of 
arteriosclerosis when tuberculosis is associated with diabetes. This 
association, however, cannot be of basic importance, since the great 
majority of diabetic patients in whom arterial disease can be demon- 
strated are not tuberculous. 

In a group of patients such as this, all of whom were hospital 
patients, complicating pathologic conditions were to be expected. This 
incidence, however, was remarkably low. In addition to the patients 
mentioned, such complicating factors were found in but seven cases, 
in none of which arterial calcification could be demonstrated. <A girl, 
(case 1469), aged 20, was clinically a pituitary type, with a height of 
69 inches (172.5 cm.) and a weight 12 per cent above the ideal. In 
case 2615, the patient in addition to a nontoxic multinodular colloid 
goiter, had minor changes in the blood vessels of the fundus of the left 
eye without other evidence of kidney diseases. In case 2708, the 
patient had orthostatic albuminuria. The latter case is of interest, 
because clinically the patient was thought to have definite sclerosis of 
the radial arteries; apparently calcification had not taken place, since 
this impression was not confirmed by the roentgen ray. In case 3078, 


16. Gavrila, I., and Vior: La cholesterinemie chez les tuberculeux, Compt. rend. 
Soc. de biol. 97:769, 1927. 
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the patient had a small nontoxic adolescent goiter. In case 3729, the 
patient had carotinemia, xanthosis and fine granular casts in the urine 
(the latter observations were obtained while the patient was still in a 
state of acidosis following coma); there was no nitrogen retention, 
and her phthalein excretion was 55 per cent. In case 3778, the patient 
had clinical and roentgenologic evidence of early tuberculosis (she was 
15 per cent underweight, and her radial arteries were definitely palpable 
although no calcification was revealed by the roentgen ray). In case 
6416 the patient was somewhat anemic and had occasional enuresis and 
some involuntary diuresis, but no other evidence of kidney disease. 


COMMENT 

This work has definitely established the fact that vascular disease 
occurs with greater frequency and at a much earlier age in diabetic 
patients (at least in those who have been subjected to the influence of 
the disease over a period of five or more years) than in normal per- 
sons. But in order to determine the nature of the injurious effects of 
diabetes on the vascular system, it is necessary to analyze the many 
variable factors found to exist in the group of patients studied. Joslin 
has pointed out that the longer the disease continues, the greater is the 
probability that arterial changes are present, regardless of the age of 
the person. This, however, is not the only factor, and in the present 
group there are a sufficient number of exceptions to this statement to 
prohibit its complete acceptance. Certainly, exposure to the disease 
over a long period must be a contributing factor in the development 
ot arterial changes, since the longer the causative agent is allowed to 
operate, the more surely will pathologic changes result. But compari- 
son of the patient in case 1609, aged 21, who had had the disease for 
10.3 years without evidence of arteriosclerosis, with the one in case 
4232, aged 20.5 years, who had had the disease for only 6.4 years and 
in whom marked vascular disease existed, forbids the assumption that 
duration of the disease by itself constitutes a fundamental etiologic 
condition. 

Likewise, the severity of the disease would be expected to play an 
important part in the development of vascular pathologic changes. 
This, however, is an intangible factor, difficult of measurement, which 
can be but inaccurately estimated. Most of the patients of this series 
in whom sclerosis was roentgenologically evident impressed one clinic 
ally as having diabetes in a more severe form than those in whom no 
such changes were found. | Numerous exceptions, however, occur: 
The patient in case 436 can hardly be considered as having a severe 
case of diabetes, and table 6, showing the averages for the group, indi- 
cates that the cases of arteriosclerosis were even less severe than those 
in patients in whom sclerotic alterations were not apparent. Further- 
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more, analysis of the data obtained for the individual cases fail to sup- 
port the assumption that the severity of the disease is of primary 
importance. For example, in the patient in case 3353, aged 15.8 years, 
who had had the disease for 5.3 years and required 45 units of insulin 
to metabolize a diet consisting of 80 Gm. of carbohydrate, 66 Gm. of 
protein and 110 Gm. of fat, or 1,574 calories, no roentgenologic evi- 
dence of vascular disease was obtained ; whereas, a patient (case 3620), 
aged 16.4 years, similar in all respects, who had been exposed to dia- 
betes at least 5.3 years and required 45 units of insulin to metabolize a 
diet of 78 Gm. of carbohydrate, 53 Gm. of protein and 94 Gm. of 
fat, or 1,370 calories, showed marked evidence of arteriosclerosis. 
Then too, interestingly enough, of the eighteen patients showing scler- 
otic alterations in their vessels, eight, or 44 per cent, had hereditary 
diabetes usually considered a mild form. Probably, therefore, as the 
results obtained in this investigation seem to indicate, the severity of 
the diabetes, especially if adequately controlled by treatment, is of but 
slight importance in the premature development of senility. 

Another factor which probably has some influence on the develop- 
ment of vascular disease, but which is not of fundamental importance, 
is the existence of complicating conditions. Certain members of this 
group had evidence of slight pathologic changes in the kidney, others 
had evidence of endocrine or cardiac disease or gastro-intestinal «is- 


turbances, but these complications were not sufficiently consistent in 
those who had arteriosclerosis to warrant their being given serious 
consideration. Also, in several of the patients who were obviously scler- 
otic, no associated pathologic condition could be demonstrated. Conse- 
quently, with the possible exception of tuberculosis, pathologic condi- 
tions associated with diabetes cannot be considered to be more than 
incidental factors in the development of arteriosclerosis. 


Diabetes mellitus is a disease that produces marked alterations in 
metabolism. It, therefore, verges on the prophetic to attempt to assign 
the chief rdle in the premature development of arteriosclerosis to any 
one of the numerous and variable abnormal metabolic disturbances. 
More and more, however, physicians are beginning to realize that in 
diabetes mellitus perhaps the greatest variation from the normal occurs 
in the metabolism of fats. A few years ago, Joslin"? called attention 
to the fact that a group of diabetic patients whose condition he con- 
sidered mild had an average plasma cholesterol of 260 mg. per hundred 
cubic centimeters of blood, while a group classed by him as moderately 
diabetic had an average plasma cholesterol of 300 mg., and his patients 
with severe cases had an enormous elevation of plasma cholesterol, to 
an average of 510 mg. In contrast to this, the average blood chole- 


17. Joslin (footnote 12, p. 239). 
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sterol values obtained for the entire group covered by this investiga- 
tion were found to be only 222.9 mg. per hundred cubic centimeters 
(table 4). If one assumes that the observations of earlier clinicians, 
supported as they were by the investigations of Joslin and others, are 


Taste 3.—Relation of Kidney Function to the Incidence of Arteriosclerosis 


Non- Phenol- 
Duration protein phthalein, Two Hour Roent- 
of Nitrogen, Total Renal Function genologic 
Diabetes Mg.per 24 Hour Range of Evidence of 
Case No. Age, Mellitus, 100Ce.of Excre- Specific Arterio- 
(Joslin) Years Years Blood tion Gravity Pressu sclerosis 


18.5 0.30 40 Not done 
48 Not done 
10 1.009-1.016 
Not done ot done 
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* The patient was in a state of coma when the count was taken. 


well founded and that exposure to diabetes over a period of from five 
to ten years heretofore almost invariably resulted in vascular sclerosis, 
one is confronted with a striking parallelism between the reduction in 
average values of blood cholesterol and the reduction in the incidence 
of arteriosclerosis. This parallelism seems to support indirectly 


436 38 112 / 80 +++ 
1714 34 +++ 
2005 +++ 
2418 +44 
3620 +++ 
4232 +++ 
6359 +++ 
6717 +++ 
1616 ++ 
1729 ++ 
2007 ++ 
2353 ++ 
2528 ++ 
2675 
3062 
3175 
5433 
2661 
1469 
1609 
1949 
1997 
2008 
2095 
2560 

2615 
2617 
2680 
2708 
2757 
2784 
2811 
2347 
2962 
2967 
3040 
3057 
3078 
3147 
3262 
3332 
3353 
3729 
3778 
3852 
4111 
4743 
5978 
6416 
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Aschoff’s theory of the development of atheromatous changes, a theory 
which many of those interested in diabetes have felt was probably cor- 
rect so far as sclerotic changes associated with diabetes are concerned. 
Because of the greater quantities of carbohydrates oxidized in the pres- 


Taste 4.—Effect of Blood Cholesterol on the Incidence of Arteriosclerosis 


Duration Roent- 
of Blood genologic 
Diabetes Cholesterol, Evidence of 
Mellitus, Mg. per 
Years 100 Ce. 
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5. 
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5. 
5. 
4. 
5. 
5. 
5. 
8. 
8. 
6 
4. 
5. 
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Average. 


* Taken during posteoma hyperglycemia. To be repeated. 


ent “Banting epoch” of diabetic therapy, the blood lipids have not 
continued to be as high as formerly. Consequently, the various factors 
enumerated by Aschoff, MacCollum, Bowen and others as being neces- 
sary for the development of atheromatous and sclerotic changes have 
been in part eliminated. No longer does one find in the diabetic 
patient, regardless of the duration of the disease, a markedly increased 
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concentration of cholesterol, or the high hydrogen ion concentration so 
necessary for the proper esterization of that substance. This is appar- 
ently one of the outstanding achievements of insulin, for while it is 
certain that the severity of diabetes has not changed, the intensity of 


Taste 5.—Actual and Ideal Weights; Incidence of Arteriosclerosis 


Duration Percentage Roent- 
of Above or genologic 
Diabetes Normal Below Evidence of 
Case No. Age, Mellitus, Height, Weight, Weight, Normal Arterio- 
(Joslin) Years Years Inches Pounds Pounds Weight sclerosis 
436 38.8 18.5 64% 13314 139 3.0— +++ 
1714 8.8 119%% 148 18.9— +++ 
2005 39.2 9.4 By 154% 132 17.4+ +++ 
2448 24.0 6.2 1% 100 145 31.0— +++ 
3620 16.4 5.3 55 4 7 22.8— +++ 
4232 2.5 6.4 6415 124% 126 0.9— +++ 
6859 23.1 5.1 63 74 131 43.5— +++ 
6717 37.5 12.1 4 107 144 25.7— +++ 
1616 13.8 8.3 51% 62 70 11.4— ++ 
1729 27.1 9.1 68 15214 151 13+ ++ 
DoT 12.9 5.8 6014 91% 9 3.1— ++ 
2353 15.2 64 59G 106% 102 4.9+ ++ 
2528 16.7 7.5 61% 93% 115 18.2— ++ 
2675 28.8 6.0 684g 211% 126 68.2+ ++ 
3062 37.5 5.5 6512 139% 144 3.4— ++ 
3175 37.8 5.0 69% 113% 164 .4— ++ 
ASS 22.0 5.5 71 137 159 13.8— ++ 
61 11.5 6.3 66 66 0 
1469 20.8 10.0 69 150% 142 12.0+ 0 
1609 21.0 10.3 66% 141 189 1.5+ 6 
1949 14.5 78 &2 8.5+ 0 
1997 19.1 8.3 6314 133% 122 9.8+ 0 
2008 36.3 7.2 63 98 136 27.9— 0 
2024 18.1 10.9 62% 112 125 10.4— 0 
2095 34.1 7.0 @ 142% 159 10.0— 0 
60 12.4 6.5 564 70 78 10.2— 0 
215 30.8 5.9 70 131% 164 19.5— 0 
2617 19.8 5.7 6114 117 %.6— 0 
2680 13.7 7.7 5M 8114 24 0 0 
2708 28.8 6.0 70% 16814 163 3.0+ 0 
2757 16.1 5.4 om 115 18.2— 0 
2784 2.3 7.0 67% 115 145 20.7 0 
2811 30.5 5.6 72% 154 176 12.5— 0 
2847 17.5 8.5 4 108% 118 8.4— 0 
2962 17.4 5.0 6244 151 118 27.9+ 0 
O7 34.7 5.8 118 156 24.3— 0 
3040 15.5 5.2 6544 129% 124 4.0+ 0 
3057 22.0 5.0 141 171 17.5— 0 
3078 17.3 5.0 631% 1038 120 14.1— 0 
3147 14.0 48 634 100 114 12.2— 0 
3262 12.3 5.2 571g 65% 20.4— 0 
3332 22.0 5.0 7 150 14 2.5—- 0 
3853 15.8 5.3 593% 86 91 5.5— 0 
3729 29.5 5.0 6015 9314 119 21.0— 0 
3778 14.2 &.0 58 79 15.0— 0 
3852 26.9 8.6 63% 121% 133 8.2— 0 
4111 38.8 6.5 671g 155% 153 11.1— 0 
4743 19.3 4.7 62 140 118 10.1+ 0 
5978 35.2 5.5 BY 102% 133 22.5— 0 
6416 13.9 5.3 5914 86 91 5.5— 0 
Average 23.4 6.93 63.6 114.5 125.2 


its effects on the human body have been definitely altered. Therefore, 
such a striking parallelism as that existing between the average reduc- 
tion of blood cholesterol and the lowered incidence of arteriosclerosis 
can hardly be ignored. Indeed, it becomes necessary to assume that 
this parallelism is of definite significance and that the disturbance in 
fat metabolism resulting from the presence of either untreated or 
improperly treated diabetes is the pathogenic agent in the formation of 
arteriosclerosis. 


a 
oa 
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Newburgh ** has recently called attention to the importance of the 
total caloric intake as the causative agent of the increased lipemia 
found in diabetes. While the assertion that this is the sole factor in 
the development of hypercholesteremia is open to question, the fact 
remains that the patients of this group—in whom, as compared to the 
patients of previous diabetic epochs, a definitely lowered incidence of 
arteriosclerosis has been shown to exist—have not only been on diets 
containing a relatively high proportion of carbohydrate, but, of pro- 
bably equal importance, as Allen and Joslin pointed out years ago, 
they have been slightly undernourished. Table 5 indicates that 70 per 
cent were actually underweight, and of the eleven persons found to be 
above their ideal weight, five were within the normal variation of 5 
per cent. Consequently, the results of this study seem to indicate that 


TABLE 6.—Averages of Fifty Cases 


$8 
= Diet Metabolism = 
Arteriosclerosis 
Present........ 10 8 3.4 7.62 102 67 112 1,684 1,427 5+ 34 218.7 > BMS 40.0 
Absent........ 32 18 14 2.3 655 9% 6 117 1,7 1,522 10+ 3% 22.3 0.077 32.0 49.9 
0.36 
Average for entire 
5O 28 22 23.4 6.93 68 115 1,699 1,488 ..... 46.5 


continued use of such diets, together with the addition of sufficient 
insulin to permit the proper utilization, not only of the increased carbo- 
hydrate increment, but of the total food intake as well, will still further 
retard the development of arteriosclerosis and eventually result in an 
incidence but slightly greater than that to be found in normal persons. 


SUMMARY AND CONCLUSIONS 


1. A group of fifty diabetic patients who had had the disease for 
at least five years and who were under 40 years of age was studied to 
determine the incidence of arteriosclerosis as evidenced by the roentgen 
ray. The pathogenesis of vascular disease occurring so commonly in 
diabetes was also investigated. 

2. The average age of the entire group was 23.4 years, and the 
average duration of the disease was 6.9 years. 


18. Newburgh, L. H.: The Dietetic Treatment of Diabetes Mellitus, Ann. Int. 
Med. 2:645, 1929. 
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3. Eighteen cases, or 36 per cent, gave roentgenologic evidence of 
vascular sclerosis. 

4. The data obtained in this investigation are summarized in six 
tables. 

5. Neither the severity of the disease nor the presence of associated 
pathologic changes, with the possible exception ‘of tuberculosis, can be 
considered as a pathogenic factor in the development of arteriosclerosis 
in diabetes. The duration of the disease is important only because the 
causative factor must act over a reasonable period of time before its 
effects are manifest. 

6. The average values of blood cholesterol found in this group 
were markedly lower than those heretofore obtained, and, paralleling 
the reduction of lipemia, the incidence of arteriosclerosis was found to 
be greatly reduced. 

7. The definite lessening of the intensity of the damage resulting 
from prolonged exposure to diabetes, consequent on the addition of 
insulin to diabetic therapy, has resulted in a marked lowering of the 
average blood lipid content. The parallel reduction in the incidence of 
arteriosclerosis apparently necessitates the assumption that altered fat 
metabolism is the morbific factor in the development of vascular dis- 
ease in association with diabetes mellitus. 


ABSTRACT OF DISCUSSION 


Dr. J. W. Suerritt, La Jolla, Calif.: There is no question that diabetic 
patients who have had the disease for ten years will show arteriosclerosis. Check- 
ing over a series of 250 such cases, we came to the conclusion that arteriosclerosis 
was present in at least 95 per cent. The question of the five year diabetic patient 
under 40 is a different problem. The method which Dr. Shepardson used, namely, 
the roentgen ray, does not give the proper percentage of those who have sclerosis, 
because only the calcified plaques show. Thus not as many cases are discovered 
as would be found at autopsy. Aschoff quotes Monckeberg as saying that 35 per 
cent of normal persons under the age of 20 show arteriomyomatosis or arterio- 
myomatous changes in the aorta. As to whether arteriosclerosis occurs in diabetic 
patients before treatment with insulin was discovered, I should say that the condi- 
tion was held in check by diet. Diabetic patients on a low caloric diet do not 
show progressive arterial changes. Their arteries remain pliable and soft, which, 
of course, is in keeping with the muscular atrophy from disuse. Likewise, the 
arterial system is relieved from strain and the arteriosclerosis is nonprogressive. 
Dr. Shepardson brought up the question of whether diets high in acid produced 
arterial change. I have had ten dogs on an extremely high acid diet over a period 
of three years. In making sections from the splenic arteries, they did not show 
any changes, and the blood pressure remained normal. I have come to the con- 
clusion that acid in the diet is not a factor in arteriosclerosis. Arteriosclerosis is 
not always present in patients under 40 who have had diabetes for five years. I 
think that the important factor in treatment is not the diet but the liberal amount 
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of insulin that is necessary for the proper combustion of the various food sub- 
stances, 

Dr. Russert L. Cecit, New York: Dr. Shepardson’s interesting problem 
should be followed up with a study on postmortem material, to determine the 
incidence of arteriosclerosis in young people (and, I think, in even a younger 
group, say, of children between the ages of 5 and 15) and to compare that with 
the incidence of arteriosclerosis in an equal number of children who do not have 
diabetes. It is an interesting problem, one that I attacked about twenty years ago, 
before the work on insulin had been carried out by Banting. We studied the 
pancreas in ninety cases of diabetes. Almost all of the middle-aged patients 
showed definite arteriosclerosis, and we had the feeling at that time that diabetes 
in the middle aged was due to arteriosclerosis of the pancreas, or rather to 
arteriosclerosis of the capillaries in the islands of Langerhans. In diabetes we 
find hyaline degeneration and sclerosis of the islands similar to the hyaline changes 
and sclerosis of the glomeruli in chronic nephritis. We felt that it was safe to 
say that diabetes in middle-aged patients was due to arteriosclerosis of the islands 
of Langerhans. The only trouble with that theory was that when we examined the 
pancreas of diabetic children, we rarely found these changes. Then we had to 
seek for a different theory for the etiology of diabetes in children. We thought 
that perhaps the disease might be due to a scarcity of the island tissue in children. 
There seemed to be, on examination of the pancreases of diabetic young people, 
less island tissue than in those who did not have diabetes. Dr. Shepardson could 
throw more light on this subject by studying postmortem specimens of children 
with and without diabetes. 

Dr. H. CLarE SHEPARDSON, San Francisco: It has been suggested that a study 
such as this made entirely on children would yield valuable information. Of 
course, the ideal person in whom to study the effects of the disease is the child, 
but such a study is hardly feasible for the reason that there are relatively few 
children who have had diabetes long enough really to develop the effects that 
apparently result from long exposure. 

Part of the discussion of the literature covering this subject was purposely 
omitted. However, a few series of postmortem examinations on diabetic patients 
have been recorded. Autopsies on fifty-two of Joslin’s patients revealed the 
presence of arteriosclerosis in all of the patients, nineteen of whom had had the 
disease for more than five years. Wilder also published a series of eighty-one 
autopsies on diabetic patients, and noted a high incidence of arteriosclerosis. Gibb 
and Logan found evidence of vascular disease in sixty-three of 147 necropsies on 
diabetic patients. The duration of the disease was over five years in only about 
13 per cent of these patients. The roentgen ray is obviously inadequate proof that 
one who does not have roentgenologic evidence of arteriosclerosis has escaped 
having atheromatous changes in the vascular system. However, when arterio- 
sclerosis is revealed by the roentgen ray it is positive proof that rather advanced 
vascular changes exist, since only calcification is shown roentgenologically. 
Newburgh has recently suggested that overfeeding rather than the relative propor- 
tions of carbohydrate, protein and fat contained in the food is the cause of high 
blood fats. This theory is open to question, but the fact remains that these fifty 
patients have been, as Dr. Sherrill suggested, on slightly undernourishing diets. 
Consequently, that factor has been eliminated. The whole problem is extremely 
interesting and is one that has been before the attention of those interested in 
diabetes for a long time. It is only by analyzing a large series of necropsies on 
relatively young diabetic patients that we will eventually be able to decide why 
diabetic patients have arteriosclerosis more commonly than normal persons. 


INSULIN INACTIVATION BY HUMAN BLOOD CELLS 
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Il. EFFECT OF INFECTION ON INSULIN * 


SAMUEL KARELITZ, M.D. 


SIDNEY D. LEADER, M.D. 
AND 
PHILIP COHEN, M.D. 
NEW YORK 


THE EFFECT OF INFECTION ON INSULIN ACTIVITY 


The inhibitory action of blood cells and plasma in vitro on insulin 
activity in the rabbit * offered a new means of study of the long known 
fact that infection has a severe and detrimental effect on the ability of 
the body to metabolize foods properly, especially foods containing the 
carbohydrates. This has been demonstrated both for the diabetic and 
for the nondiabetic person.” Insulin given to a person with an infection 
has less effect in lowering the blood sugar than it does on a normal 
person. During such periods, the sugar tolerance is diminished and, 
according to Richardson and Levine,* carbohydrate oxidation is 
diminished. 

Explanation for this failure of insulin to have its usual effect during 
infection has been varied. The general clinical impression that, due 
to actual pancreatic injury, an inadequate supply of insulin is produced, 
is not very likely since exogenous insulin is not always effective, and 
recovery may be so sudden that one could conceive of only a functional 
change in the pancreas and not an anatomic one. Direct action of toxins 
on insulin has been suggested, but evidence for this action is lacking. 
The same holds true for the action of acetone or cholesterol on insulin. 
Fever, in all likelihood, is not injurious to insulin, since insulin is thermo- 
stabile. Change in the acid base equilibrium has also been suggested 
as causative of insulin inactivity. Direct action due to acids or alkali 
is doubtful, since insulin resists destruction at the py ranges compatible 
with life. However, other functions may be altered by a change in 
acid-base equilibrium: Mobilization of liver glvcogen may be altered, 


* Submitted for publication, Oct. 20, 1929. 

* From the Departments of Pediatrics and Laboratories, Mount Sinai Hospital. 

1. Karelitz, S.; Cohen, P., and Leader, S. D.: Insulin Inactivation by Human 
Blood Cells and Plasma in Vitro: Effect of Normal and Diabetic Blood on 
Insulin Action, Arch. Int. Med. 45:546 (April) 1930. 

2. Falta, W.: Klin. Wehnschr. 3:1315, 1924. 

3. Richardson, H. B., and Levine, S. Z.: J. Biol. Chem. 66:161, 1925. 

4. Best, C. H.: Proc. Inter-State Post-Grad. M. Assembly of North America 
of 1927. 
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as may the liberation of insulin itself and other internal secretions, which 
might indirectly bring about insulin inhibition or neutralization. 

The idea that during infection a state of altered metabolism exists 
which does not permit proper insulin action, though complex, probably 
comprises many explanatory factors. The work of Evans and Zeckwer * 
and Lawrence and Buckley * has been prominent in that direction. They 
have suggested a stimulation of the thyroid and suprarenal glands to 
greater activity which leads to increased glycogenolysis and neutralization 
of insulin action. By injecting Bacillus coli or Bacillus proteus vaccine 
into rabbits, Evans and Zeckwer found that a hyperglycemia was pro- 
duced. They showed that this did not occur if the same experiment 
was tried after one adrenal was resected and the other denervated. 
Lawrence and Buckley injected diphtheria toxin into rabbits and found 
that insulin was then ineffective. They found pathologic changes in 
the adrenals and thyroid, which they thought was evidence of the 
stimulation of these glands. 

That the thyroid, suprarenal and the pituitary glands are involved 
in carbohydrate metabolism needs no further confirmation. Adequate 
clinical and experimental work has been done to prove this, and it is 
suggestive that other internal secretions also play a part. For example, 
only one third of the usual dose of insulin is necessary to produce a 
given insulin effect if parathyroid extract is injected simultaneously.’ 
If parathyroid is given to a rabbit in insulin shock, death follows. We 
believe that just as the suprarenal and thyroid glands are involved, so 
may the pituitary, parathyroid, and perhaps other ductless glands be 
concerned, and be pertinent to the explanation of the problem at hand. 

After we had shown that human blood inhibits insulin action in 
vitro, several problems in the study of insulin action in spontaneous or 
artificially produced infection-like states presented themselves : 

1. Does blood from a person with spontaneous infection have a 
greater inhibitory action on insulin than normal human blood? The 
same question might be studied by producing serum sickness, since the 
mechanism of this disease resembles an infectious diseases. Do leukemic 
or pus cells have an increased inhibitory effect on insulin action? Do 
rabbits have increased insulin resistance after injection of vaccines? 
What are some of the properties of this insulin inhibitory agent and 


what might it be? 


5. Evans, C. L., and Zeckwer, I. T.: Brit. J. Exper. Path. 8:280, 1927. 

6. Lawrence, R. D., and Buckley, O. B.: Brit. J. Exper. Path. 8:58, 1927. 

7. Cammidge, P. J.; and Howard, H. A. H.: J. Metab. Research 6:189 (July) 
1924. 
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EFFECT OF BLOOD FROM PATIENTS WITH PURULENT INFECTION 
ON INSULIN ACTION 


Applying the same technic in the present studies, as in the experi- 
ments described in our first paper, we found that blood from patients 
with infection affected insulin in a similar manner and degree as did dia- 


TaBLe 1.—Rabbit Blood Sugar Curves After Subcutaneous Injection of Laked 
Blood Celis from Patients with Infection, and Incubated with 
Insulin at 37 C. for One Hour 


Blood Sugar in Mg. per 100 Ce., 
Hours After Injection 


Laked Cells, 
Amount 0 


ec. Case of empyema........ 
1 e€. Case of empyema..... 
1 


16 ce. Case ofempyema............ 


% ce. Lung abscess 


50 


Chart 1—Effect of laked blood cells from patients with purulent infection. 
The dotted line indicates results with 1 cc. of cells from a person with infection ; 
dash line, 1 cc. cells from a normal person; dash and dotted line indicates 0.5 cc. 
cells from a person with infection unbroken line, 0.5 cc. cells from a normal person. 


QO HOURS 2 
Sug 
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betic blood. The tables and graphs show clearly that in comparison to 
normal blood about one half as much blood from a patient with infec- 
tion was needed for the inactivation of three units of insulin. 


EFFECT OF BLOOD FROM A PATIENT WITH SERUM SICKNESS 
ON INSULIN ACTION 


Blood taken from a 10 year old child on the first day of an attack 
of serum sickness which occurred on the tenth day after the injection 
of diphtheria antitoxin showed marked insulin inactivation. Ten days 
after the serum sickness had completely disappeared, the blood of this 
same child showed only the usual amount of insulin inactivation, which 
was, of course, very much less than that found during the period of 
her illness. 

We believed after sensitizing rabbits to human or horse blood that 
we could demonstrate an increased resistance to insulin action. The 
experiments were too few to enable us to draw any definite conclusions. 
The experiments of Zeckwer and Goodell,* in which they showed tre- 
mendous rise in blood sugar of rabbits during anaphylactic shock, though 
not similar to our work, are suggestive because of the intimate relation- 
ship of the conditions of serum sickness and anaphylaxis. 


EFFECT OF LEUKEMIC AND PUS CELLS ON INSULIN ACTION 


Since leukocytosis accompanies purulent infections and blood cells 
from patients with infection have increased inhibitory action, we felt 
that we should know whether white blood cells inactivate insulin more 
than does a mixture of white and red blood cells. We were not successful 
in obtaining an adequate amount of white cells from normal blood, and 
therefore tested the blood cells from a patient with myeloid leukemia 
whose red cell count was 900,000 and whose white cell count was 
the same. The leukemic cells showed a greater inactivating power than 
did normal human blood cells. Pus cells from a patient with pneumo- 
coccus empyema were then tested and also showed a stronger inactivat- 
ing power than normal blood cells. 

Shortly after these experiments had been done, Rosenthal and 
Behrendt ® published results similar to ours. They had a specimen of 
pneumococcus pus, 1 cc. of which was capable of inactivating 500 units 
of insulin. We therefore tried 10, 20, 30 and 40 units of insulin to 
1 cc. of pus, but all our animals developed severe hypoglycemia. 


8. Zeckwer, I. T., and Goodell, H.: Blood Sugar Studies; Blood Sugar 
Changes in Fatal Bacterial Anaphylaxis in Rabbit, J. Exper. Med. 42:57, 1925. 


9. Rosenthal, F., and Behrendt, H.: Ztschr. f. d. ges. exper. Med. 53:562, 
1926. 
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ACTION OF INSULIN IN RABBITS AFTER INJECTION OF VACCINE 


At the suggestion of one of us (P. C.), we attempted to study 
the effect of infection, using the method previously used by others '° for 
the production of fever in rabbits, by injecting typhoid vaccine. 


TABLE 2.—E ffect of Blood from a Patient with Serum Sickness on Insulin Action 


Blood Sugar in Mg. per 100 Ce., 
Hours After Injection 
== 


| 


60 
61 
Laked cells 
Laked cells, 

82 


Effect of Blood from Same Patient Ten Days After Serum Sickness 


Blood Sugar in Mg. per 100 Ce., 
Hours After Injection 


1 ee. Laked cells 75 
76 
50 


Laked cells 5 


50 


Chart 2——Serum sickness. Dotted line indicates 1 cc. laked cells in a patient 
having serum sickness; dash line 0.5 cc. laked cells in a patient having serum 
sickness ; dash and dotted lines, 1 cc. laked cells observed ten days after beginning 
of serum sickness; unbroken line, 0.5 cc. laked cells observed ten days after 
beginning of serum sickness. 


10. Mcleod, L. L. R.: Personal communication to S. Karelitz. Taite: Tr. 
Roy. Soc. Canada, 1926. 
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2 ce. 
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TaBLe 3.—Effect of Leukemic Cells on Insulin Action 


Blood Sugar in Mg. per 100 Cc., 
Hours After Injection 
— 


Lymphatie leukemia 
50,000 WBC per mm.*.............. 
3% minutes incubation 


Myeloid leukemia 
900,000 WBC per mm.*............. 
1 hour incubation 


Same as (b) 
1 hour ineubation 


Effeet of Pus on Insulin Action 


incubated 15 minutes 


2ece. incubated 15 minutes.... 
2ce. incubated 45 minutes.............. 


Average 2 ce. normal cells 
Average 5 ce. normal cells................ 


BRIB 


SVB 


35 convulsion 


convulsion 


convulsion 


ov 


1004’ 


P 


90 


| 


50 | 


Chart 3.—Effect of leukemic cells and pus as compared to normal blood cells. 
The unbroken line indicates the effect in patient of 2 cc. normal cells: the dotted 
line, the effect of 2 cc. leukemic cells on patient; the dash line, 2 cc. pus cells on 


patient. 
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19 
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» 100 @ 
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When insulin was injected three hours after the starved rabbits 
had received 500,000,000 dead typhoid bacilli subcutaneously, there was 
evidence of increased insulin resistance, which lasted from two to five 
days. This was not a regular response, as can be seen from the accom- 
panying chart. The results obtained using typhoid vaccine closely 
simulated those found after the use of a staphylococcus vaccine. The 
action of paratyphoid B vaccine was quite inconsistent, producing a 
hyperglycemia in some rabbits and no change in others. Our experi- 
ments with paratyphoid B were not continued. 

The fever which resulted from the injection of vaccine was thought 
to be the factor that accounted for the poor insulin action. This is 
doubtful, since insulin is thermostabile. With fever there are accom- 
panying body reactions that must be considered. The delayed effect, 
that is the resistance to insulin after the fever has subsided, is also 
against the conception that insulin is directly impaired by fever. 

Since we began our studies, various publications pertinent to our work 
have appeared. Minkowski ’! suggested that diabetic patients do poorly 
during infection, possibly because of increased proteolytic enzyme in the 
blood. Several '* investigators attempted to prove this point by work 
similar to ours, such as demonstrating that blood serum or pus from 
a patient with a purulent infection inhibits insulin. Rosenthal and 
Behrendt have also shown that liver, spleen or kidney taken from a 
person dead only six hours inhibited insulin. This power of inactivation 
was not manifest if the tissues were first boiled. Attempts by the same 
authors to prevent insulin inactivation, by adding blood serum because 
of its antitryptic action, failed. Our results with serum alone perhaps 
explain this failure. 

Rosenthal and Behrendt, in an attempt to further their claim that 
proteolytic enzyme is responsible for the insulin inactivation, mixed 
rabbit pus with insulin, because of its low enzyme content. They found 
that it took twenty-four hours for 1 cc. of rabbit pus to inactivate as 
much insulin as is ordinarily inhibited by 1 cc. of human pus in a 
few minutes. 

Mauriac and Aubertin ** recently published experiments almost simi- 
lar to ours showing that normal blood, plasma or cells or both inhibit 
insulin action. They also found that diabetic blood inhibits insulin action 
more than does normal blood. They believe an adhesion phenomenon 
of insulin to blood cells responsible for this inactivation of insulin. 

We have considered the enzyme-like action as the most likely expla- 
nation for the phenomena that we report. Since we are not able 
actually to demonstrate the enzyme with accuracy, we preferred to 
study few of the properties of this insulin-inactivating agent. 


11. Minkowski, O.: Insulin in Treatment of Diabetes, Med. Klin. 22:437 
(March) 1926. 

12. Mauriac, P., and Aubertin, E.: Compt. rend. Soc. de biol. 98:233, 235 
and 237 (Jan.) 1928. 


TaBLE 4.—Effect of Insulin Three Hours After ~— of Vaccine Into Rabbits 


Biood Sugar in Mg. per 100 Ce., 
Hours After Injeetion 


0,000,000 typhoid bacilli... . 
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65 
50 convulsion in 4 hours 


82 72 
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Effect of Insulin Forty-eight Hours After Injection of Vaccine 
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Effect of Insulin Seventy-two Hours After Injection of Vaccine 


500,000,000 typhoid bacilli 5 70 55 
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Effect of Insulin Ninety-six Hours After Injection of Vaccine 

500,000,000 typhoid bacilli » 40 40 
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Effect of Insulin Three Hours After Injection of Vaccine into Rabbits 
500,000,000 staphylococcus vaccine 
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Chart 4.—Effect of vaccine on insulin action. The unbroken line indicates the 
effect on the vaccine three hours after the administration of typhoid vaccine; the 
dotted line, the effect three hours after the administration of staphylococcus vac- 
cine; the dash line, the controls of saline solution. 
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THERMAL EFFECT ON THE INSULIN-INACTIVATING AGENT 
IN BLOOD OR PUS 


Proteolytic enzymes are usually affected by heat of 55 C. or over. 
We heated blood plasma, blood cells or pus in a water bath which 
remained between 57 and 60 C. for one and one-half hours. If insulin 
were added to the heated blood or pus incubated for one hour at 37 C. 
in the usual fashion and injected into rabbits, hypoglycemia resulted, 
thus showing that the inactivating substance is thermolabile. When 
blood cells were used, the results were inconsistent, unless the cells were 
laked, which is further evidence that the substance is mainly intracellular. 

Scott '* observed that when insulin and pure trypsin were incubated 
on ice, no insulin destruction or inactivation occurred. We observed 
the same to be true when blood plasma and insulin were mixed and 
incubated in an icebox. 


IMPORTANCE OF THE DURATION OF INCUBATION 

If this agent which inhibits insulin action is enzyme-like, its action 
should require time. We studied the significance of incubation and 
found that laked blood cells that had been incubated for ten minutes 
showed slight action on insulin; with cells that had been incubated for 
twenty minutes or longer, complete inhibition could be observed. 

To rule out the possible effect of the mingling of the blood and 
insulin under the rabbit’s skin for a considerable period of time, the 
blood and insulin were mixed after the needle had been inserted into the 
rabbit’s heart, and the blood-insulin mixture injected directly into the 
blood stream. The blood sugar dropped markedly and rapidly, but there 
was a rapid recovery, so that in the third hour after injection, the blood 
sugar was normal. This experiment shows that blood requires time 
to activate insulin in vitro. The quick recovery is probably due to the 
rapid excretion of insulin when injected intravenously. 


SUMMARY 


Summarizing the results of our various experiments, we learn that 
human blood plasma and, to a greater degree, human blood cells inhibit 
insulin action in vitro. Blood from diabetic patients as well as from 
patients with purulent infections or artificially produced infection-like 
conditions, such as serum sickness, causes greater insulin activation 
in a given time than does normal blood. Blood cells from a patient 
with mveloid leukemia and pus also show greater insulin inactivating 
power than do normal blood cells. 


13. Scott, D. A.: J. Biol. Chem. 63:641 (April) 1925. 


TaBLe 5.—Effect of Heating Blood or Pus to 57 C. for from One and One-Half 
to Two Hours on Its Ability to Inactivate Insulin 
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Chart 5.—Effect of heating at 57 C. two hours. The dash line indicates the 
result after the heating of 1 cc. serum; the unbroken line the result from the 
heating of 10 cc. serum; the dotted line, after 5 cc. laked calls were heated, and 
the dash and dot line, the result after the heating of 5 cc. laked cells. 
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This inactivation seems to act better at mildly alkaline py and is 
ineffective at py 6. After being heated from 55 to 60 C. from one 
to two hours or after incubation at icebox temperature, it also becomes 


Blood Sugar in Mgs., per Cent 
Hours After Injection 


2 ec. laked cells at 60 minutes............. ..... 
2 ec. laked cells at 30 minutes............... : 


2 ee. laked cells at 20 minutes 
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Chart 6.—Effect of incubation of laked cells. The dash line indicates the 
effect after one hour heating at 37 C.—2 cc.; the dotted line after one-third hour 
at 37 C.—2 cc., and the unbroken line the effect of 1 cc. heated intravenously. 


ineffective. The inactivation requires time and is not present when the 
blood-insulin mixture is injected directly into the blood stream. 

The occurrence of this inactivating substance and its properties as 
described are so similar to the occurrence and action of enzyme that 


TABLE 6.—Importance of Incubation in Action of Blood on Insulin in Vitro : 
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we believe that an enzyme, possibly trypsin, or an enzyme-like substance 
is responsible for the insulin inactivation. 

Our observations being limited to the effect of blood outside of the 
human body on insulin action, we cannot be certain that this phenome- 
non occurs within the living organism. It is, however, conceivable that 
when cells are injured as they are during infection, an abnormal state 
comparable to in vitro conditions exists, enabling this substance to act 
on insulin. 

Perhaps in these states of abnormal metabolism, as during infection, 
inadequate insulin production, neutralization of insulin by action of 
thyroid, suprarenal, pituitary, and other ductless gland secretions, as 
well as altered enzyme action throughout the body or in certain locations, 
are all responsible, acting simultaneously and in varying degrees. 


THE TREATMENT OF PERNICIOUS ANEMIA WITH 
AN AQUEOUS EXTRACT OF LIVER* 


H. MILTON CONNER, M.D. 
ROCHESTER, MINN. 


The use of liver and extract of liver has served to keep alive and 
relatively well most patients who have thus been treated regularly. 
In 1926, Minot and Murphy,’ in an epochal report, showed the value 
of feeding mammalian liver to patients with pernicious anemia. Whipple, 
Robscheit-Robbins and Hooper,? in 1920, and Robscheit-Robbins and 
Whipple,* in 1925, showed its value in anemia produced by repeated 
bleeding of animals. In 1927, Minot* reported on the treatment of 
patients with an effective fraction of liver produced by Cohn. This 
substance brought about characteristic improvement in the condition of 
the blood and in the general symptoms. Minot, Cohn, Murphy and 
Lawson,° in the following year, reported further on the results of 
treatment with extract of liver. 

Porter, Williams, Forbes and Irving,® in 1929, reported on the 
production of a stable, aqueous extract of liver. Sixteen of the forty- 


five cases reported by them were under my observation in the hospital 
at the Mayo Clinic. Four other cases have since been added to the list. 

This type of extract has been well tolerated, and few objections 
to its taste have been heard. The patients have received a regular 


* Submitted for publication, Nov. 15, 1929. 

*From the Division of Medicine, the Mayo Clinic. 

* Read before the Minnesota Society of Internal Medicine, St. Paul, Nov. 
11, 1929. 

1. Minot, G. R., and Murphy, W. P.: Treatment of Pernicious Anemia by 
Special Diet, J. A. M. A. 87:470 (Aug. 14) 1926. 

2. Whipple, G. H.; Robscheit-Robbins, F. S., and Hooper, C. W.: Blood 
Regeneration Following Simple Anemia: IV. Influence of Meat, Liver and Various 
Extractives, Alone or Combined with Standard Diets, Am. J. Physiol. 53:236, 
1920. 

3. Robscheit-Robbins, F. S., and Whipple, G. H.: Blood Regeneration in 
Severe Anemia: II. Favorable Influence of Liver, Heart and Skeletal Muscle in 
Diet, Am. J. Physiol. 72:408, 1925. 

4. Minot, G. R.: The Treatment of Pernicious Anemia with Liver or an 
Effective Fraction of Liver, Tr. Coll. Phys. 49:144, 1927. 

5. Minot, G. R.; Cohn, E. J.; Murphy, W. P., and Lawson, H. A.: Treat- 
ment of Pernicious Anemia with Liver Extract: Effect upon Production oi 
Immature and Mature Red Blood Cells, Am. J. M. Sc. 175:599, 1928. 

6. Porter, W. B.; Williams, J. P.; Forbes, J. C., and Irving, Hazelwood: 
Aqueous Extract of Liver: Development and Use in Treatment of Pernicious 
Anemia, J. A. M. A. 93:176 (July 20) 1929. 
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hospital diet, so that no part of the results here reported can be attributed 
to diet. No untoward symptoms have been noted, except occasional 
diarrhea. The results have been similar to those obtained with liver 
and with Minot and Cohn’s extract of liver. The reticulated erythro- 
cytes began to increase in number a few days after the treatment was 
started, and a peak was reached in from the third to the twelfth day ; 
usually the decline was rather rapid from that point. In the patients 
in whom treatment was instituted when the erythrocytes numbered more 
than from 2,500,000 to 3,000,000 for each cubic millimeter, the increase 
in the number of reticulated erythrocytes was not great. The number 
of erythrocytes increased simultaneously. 

The initial dose in thirteen cases was 90 cc. daily, whereas in seven 
it was 180 cc. Usually the dose was reduced to half the original amount 
about the end of the first week, whereas in two cases the original amount 
of 180 and 90 cc., respectively, was continued during the entire period 
of observation in the hospital. In one case, the original amount of 
90 cc. was continued for only four days, and then was cut in half, 
whereas, in another case, the original 180 cc. was continued for eleven 
days and then reduced to half. The patients usually were sent home 
to continue taking the amount that had been given them during the 
latter part of the treatment in the hospital. Three patients said, in 
answer to a questionnaire, that they had understood that they were to 
take a teaspoonful thrice daily, whereas they had been instructed to 
take a tablespoonful. Thus, the amount taken for each day after leaving 
the hospital, in these three cases, was only 12 cc. In these patients, at 
the last report, the number of erythrocytes was 4,300,000; 4,680,000, 
and 3,720,000, respectively. In another patient, the erythrocytes num- 
bered 5,290,000 at the last report. After this patient had left the hos- 
pital, he had taken only 24 cc. of extract daily for four months, then 
12 cc. daily for five months. One patient, with 3,540,000 erythrocytes 
at the last report, had substituted another liver extract. Another from 
whom a final report on the blood has not been received, had taken in 
all, only twelve bottles of 240 cc. each in the ten months since leaving 
the hospital. 

There was an average increase of exactly 1,500,000 erythrocytes in 
the twenty-four days of hospital treatment, or 437,500 for each week. 
The average number of erythrocytes at the time of commencement of 
treatment was 1,840,000, and at the time of dismissal it was 3,340,000. 
This is about the same result as that usually obtained with the liver diet. 
The proportion of red corpuscles which could be identified as reticulated 
erythrocytes increased to a maximum of 31.8 per cent in one case. 
Several counts were made each week in each case. In three cases counts 
of reticulated erythrocytes were made thrice daily until after the peak 
was reached. When the highest percentage of reticulated cells obtained 
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in each case had been determined they were averaged; the result was 
12.5 per cent. In all but one case, the reticulated erythrocyte count 
considerably increased if the treatment was instituted when the erythro- 
cyte count was less than 2,500,000. The percentage of reticulocytes 
was at its peak in an average of seven days after the beginning of treat- 
ment. At the time of the patients’ dismissal from the hospital, the per- 
centage of reticulocytes had fallen almost to its average original level. 
The amount of hemoglobin increased from an average of 36.9 to 63.3 
per cent, the leukocytes from an average of 5,060 for each cubic milli- 
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meter to 7,270, and the platelets from 151,800 for each cubic millimeter 
to 202,500, during the twenty-four days in the hospital. 

No effort was made to study the effect on the bilirubin of the serum 
or the icterus index, but in the patients who were jaundiced, the jaundice 
disappeared. No attempt was made to study the gastric acidity. All 
patients were given dilute hydrochloric acid; usually the dose was 4 cc. 
three times daily. 

The effect of the extract on the weakness, diarrhea, sore tongue, 
paresthesia and gastric symptoms has been comparable to that seen after 
the diet of liver has been employed. No patients who had severe symp- 
toms referable to the spinal cord were treated. Protocols of the twenty 
cases are seen in the accompanying table. 


Rn Anemia with an Aqueous Extract of Liver 
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SUMMARY 


An aqueous extract of liver made according to the formula of Porter 
and his associates has been used successfully in the treatment of twenty 
patients suffering from pernicious anemia. The effect on reticulated 
erythrocytes, mature erythrocytes and hemoglobin was essentially the 
same as that obtained with the liver diet or with Minot and Cohn’s 
extract of liver. The effect on the symptoms was similar to that obtained 
by the other measures. 
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THE CARDIAC OUTPUT IN HEART DISEASE 


COMPLETE HEART BLOCK, AURICULAR FIBRILLATION BEFORE AND 
AFTER THE RESTORATION TO NORMAL RHYTHM, SUBACUTE 
RHEUMATIC FEVER AND CHRONIC RHEUMATIC 
VALVULAR DISEASE * 


W. CARTER SMITH, M.D. 
ATLANTA, GA. 
AND 
GEORGE L. WALKER, M.D. 
AND 
HOWARD L. ALT, M.D. 
BOSTON 


Heart disease and the mechanism of circulatory failure have been 
the object of much investigative work during the past twenty years. 
ne means of approach to this problem has been a study of the minute 
volume of the heart. The cardiac output of normal men, when measured 
at rest, may vary within wide limits, even in the same individual. Bur- 
well and Robinson ' studied the output of the heart in a series of normal 
individuals at rest, employing a method similar to the one used in this 
study. They found that the amount of blood expelled by the heart varied 
in different subjects from 3.5 liters a minute and 58 cc. a beat to 6.8 
liters a minute and 103 cc. a beat. No method of measuring the output 
of the heart has been satisfactory in congestive failure, as pulmonary 
edema interferes with gaseous diffusion so as to render the lungs 
unreliable as a tonometer. For this reason, observations on the output 
of the diseased heart must be undertaken either in patients with a lesion 
which eventually will cause failure or in those who have recovered 
recently from a break in compensation and no longer have pulmonary 
congestion. Correlation of data derived in this way may give an insight 
into what occurs when the heart fails. In this study, several types of 
heart disease were chosen in an attempt to observe the response of 
the circulation in each form. 


REVIEW OF THE LITERATURE 
It was not considered within the scope of this paper to include a 
detailed review of the work that has been done on cardiac output in 


* Submitted for publication, Sept. 28, 1929. 

*From the Medical Clinic of the Peter Bent Brigham Hospital. 

1. Burwell, C. S., and Robinson, G. C.: The Gaseous Content of the Blood 
and the Output of the Heart in Normal Resting Adults, J. Clin. Investigation 
1:87, 1924. 
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heart disease. Only those observations will be mentioned which have 
a direct bearing on our studies. 


Complete Heart Block—Liljestrand and Zander * studied the cardiac 
output in a patient, aged 25, with complete heart block. The output 
of the heart, measured by the nitrous oxide method, was found to be 
normal. The stroke volume, however, was increased to 128 cc., since 
the pulse rate was 36 a minute. Lundsgaard,® in a study of two cases 
of complete heart block, also found the output per minute to be normal 
and the stroke volume increased. 


The Restoration of Auricular Fibrillation to Normal Rhythm.— 
Meakins, Dautrebande and Fetter * found an increase in the cardiac 
output and the alveolar carbon dioxide tension when normal rhythm 
was established. Stewart ° observed an increase in the oxygen satura- 
tion of the venous blood of the arm and a decrease in the coefficient 
of utilization with restoration to normal rhythm, indicating an increased 
flow of the blood in the arm. He concluded that there is usually an 
increase in the cardiac output when auricular fibrillation is converted 
to regular sino-auricular rhythm. Stewart and his co-workers ° have 
shown a decrease of from 20 to 50 per cent in the cardiac output of 
dogs with an artificially produced auricular fibrillation. This decrease 
was always accompanied by a pulse deficit. Blumgart and Weiss * have 


shown a decrease in the velocity of the blood flow in patients with 
auricular fibrillation. 


Chronic Rheumatic Endocarditis —Meakins et al.* made observations 
on the output of the heart in five patients with mitral stenosis, using 
a method similar to the one employed by us. They found a decreased 
cardiac output which they attributed largely to a diminished stroke 


2. Liljestrand, G., and Zander, FE.: Studies of the Work of the Heart During 
Rest and Muscular Activity in a Case of Uncomplicated Total Heart Block, 
Acta med. Scandinav. 66:501, 1927. 

3. Lundsgaard, C.: Untersuchungen tiber das minuten volumen des Herzens 
bei Menschen: III. Messungen an zwei Patienten mit totalem Herzblock, 
Deutsches Arch. f. klin. Med. 120:481, 1916. 

4. Meakins, J.; Dautrebande, L., and Fetter, W. J.: Influence of Circulatory 
Disturbances on Gaseous Exchange of Blood: Blood Gases and Circulation Rate 
in Cases of Mitral Stenosis, Heart 10:153, 1923. 

5. Stewart, H. J.: Blood Gases in Auricular Fibrillation and After Restora- 
tion of Normal Mechanism, Arch. Int. Med. 34:871 (June) 1923. 

6. Stewart, H. J.; Crawford, H. J., and Hastings, A. B.: The Effect of 
Tachyeardia on the Blood Flow in Dogs, J. Clin. Investigation 3:435, 1926. 
Stewart, H. J.; Crawford, H. J., and Gilchrist, A. R.: Studies on the Effect 
of Cardiac Irregularity on the Circulation, ibid. 5:317, 335, 1928. 

7. Blumgart, H. L., and Weis, S.: Clinical Studies on the Velocity of the 
Blood Flow: IX. The Pulmonary Circulation Time, the Velocity of Venous 
Blood Flow to the Heart, and Related Aspects of the Circulation in Patients 
with Cardiovascular Disease, J. Clin. Investigation 5:343, 1928. 
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volume. There was also a decrease in the alveolar and arterial carbon 
dioxide tension of these patients. Lundsgaard,* in a study of the venous 
blood of the arm in patients with mitral stenosis and auricular fibrilla- 
tion, found an increase in oxygen unsaturation which he interpreted as 
indicating a decreased cardiac output. Blumgart and Weiss* found the 
velocity of the blood flow to be normal in patients with mitral stenosis 
and insufficiency and in patients with aortic insufficiency, when the heart 
was compensated and the rhythm was regular. 


Alveolar and Arterial Carbon Dioxide, Carbon Dioxide Percentage 
of the Expired Air, and Respiratory Minute Volume.—Harrop ® studied 
the blood gases by arterial puncture in patients with heart disease, some 
of whom were in a state of clinical compensation, while others had con- 
gestive failure. He found the arterial carbon dioxide to be normal in 
the compensated patients, but in those with failure there was a definite 
decrease in the carbon dioxide of the arterial blood. He also found 
that a rise to normal occurred when compensation became established. 
Meakins, Dautrebande and Fetter * found a decreased cardiac output 
and a lowered carbon dioxide tension of the alveolar air and arterial 
blood in patients with mitral stenosis. There was no clinical evidence 
of pulmonary congestion in these patients, and the alveolar and arterial 
carbon dioxide checked well with each other. These patients had recently 
recovered from a break in compensation, and had a limited cardiac 


reserve. In a study of the respiration in heart disease, Peabody *° and 
Peters and Barr *! pointed out a decrease in the percentage of carbon 
dioxide in the expired air and an increase in pulmonary minute ventila- 
tion in patients with congestive failure. 


METHOD 


The output of the heart was measured by the method of Field, Bock, Gildea 
and Lathrop.12. The procedure consists briefly in measuring the difference in 
the carbon dioxide content of the arterial and venous blood by the respiratory 
method, and the total carbon dioxide excretion a minute by means of the Tissot 
spirometer. The cardiac output is then derived by dividing the amount of 


8. Lundsgaard, C.: Studies of Oxygen in the Venous Blood, J. Exper. Med. 
27:179, 1918. 

9. Harrop, G. A., Jr.: The Oxygen and Carbon Dioxide Content of Arte- 
rial and of Venous Blood in Normal Individuals and in Patients with Anemia 
and Heart Disease, J. Exper. Med. 30:241, 1919. 

10, Peabody, F. W.: Cardiac Dyspnea, Am. J. M. Sc. 155:100, 1918. 

11. Peters, J. P., Jr., and Barr, D. P.: Studies of the Respiratory Mechanism 
in Cardiac Dyspnea: Low Alveolar Carbon Dioxide of Cardiac Dyspnea: Effec- 
tive Ventilation in Cardiac Dyspnea, Am. J. Physiol. 54:307, 345, 1920. 

12. Field, H., Jr.; Bock, A. V.; Gildea, E. V., and Lathrop, F. L.: The Rate 
of the Circulation of the Blood in Normal Resting Individuals, J. Clin. Investiga- 
tion 1:65, 1924. 
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carbon dioxide excreted per minute by the arteriovenous difference in carbon 
dioxide. In these experiments, five samples each of alveolar and “virtual 
venous” air were collected and analyzed. The oxygen consumption and carbon 
dioxide excretion were calculated after the expired air had been collected for 
nine minute periods in a 125 liter spirometer. The carbon dioxide dissociation 
curve of Bock 2% was used in computing the results. It was thought unnecessary 
to determine individual curves for these patients, as the hemoglobin content was 
normal in each case, and as it had been shown previously * that the alkali 
reserve of the arterial blood of patients with compensated heart disease is not 
reduced. The blood pressure was taken twice, and the pulse and respiration were 
recorded at frequent intervals, the averages of these being the figures used in 
the accompanying tables and charts. All observations were performed in the 
postabsorptive, basal state, after the patients had rested from thirty to forty 
minutes in the reclining chair in which the studies were made. All subjects 
were in a well compensated condition and without evidence of any congestion 
in the lungs. 


RESULTS 


1. CompLteteE Heart Brock.—Observations were made in three 
cases of complete heart block. The results are shown in table 1. 


Case 1.—M. W., a woman, aged 24, a drug clerk, worked daily without experi- 
encing cardiac symptoms. She was compelled to refrain from unusual exertion, 
however, because of dyspnea and fatigue. There was a history of diphtheria 
twenty-one years before. At the time of these observations, the heart was 
slightly enlarged, the rate was 42, the rhythm regular, and the blood pressure 
165 mm. systolic and 65 mm. diastolic. The lungs were clear throughout. The 
vital capacity was 3,600 cc., or 109 per cent of the normal. Studies in this 
patient showed the minute volume of the heart to average 5.4 liters. The stroke 
volume was 126 cc., which is considerably above normal. 


Case 2.—J. A., a man, aged 22, was found to have complete heart block seven 
weeks after an infection of his foot. These studies were made one year and a 
half later. At this time, moderate activity caused no discomfort. The heart 
rate was from 31 to 33 a minute, the rhythm was regular and the blood pressure 
was 119 mm. systolic and 58 mm. diastolic. No rales were heard in the lungs. 
The vital capacity was 4,300 cc., or 96 per cent of the normal. The output of 
the heart per minute was 4.7 liters, but there was a marked increase in the 
stroke volume to 148 cc. associated with the slow heart rate. 


Case 3.—J. E., a man, aged 64, in addition to complete heart block had gen- 
eralized arteriosclerosis and hypertension. He was ambulatory and led a sedentary 
life without discomfort. There had been attacks of dizziness which disappeared 
with the administration of barium chloride. The heart was moderately enlarged. 
The rate was from 26 to 29 a minute and the rhythm regular. The blood pressure 
was 181 mm. systolic and 70 mm. diastolic. There was no evidence of moisture 
in the lungs and there was no peripheral edema. The vital capacity was 3,200 cc., 
or 71 per cent of the normal. This low vital capacity might suggest that the 
patient had a mild degree of congestive heart failure. He gave no history of 
such a condition, however, and the lungs were clear of rales on repeated exami- 


13. Bock, A. V.; Field, H., Jr., and Adair, G. S.: Oxygen and Carbon 
Dioxide Dissociation Curves of Human Blood, J. Biol. Chem, 59:353, 1924. 
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ations. This low value may be explained by the fact that he was 64 years old 
and had a moderate fixation of the wall of the chest. The cardiac output of this 
patient averaged 4.6 liters a minute and 164 cc. a beat. 

The Output of the Heart per Beat and per Minute: Reference to 
table 1 will show that the minute output of the heart in each of these 
subjects was well within normal limits. The stroke volume, however, 
was considerably above the normal level, as was to be expected with the 
slow pulse rates. The largest stroke volume was found in the patient 
with the slowest heart rate. This patient was 64 vears old and had the 
more usual type of heart block occurring in older patients and associated 
with greater myocardial injury and vascular disease. White and 
Sprague ** have observed that the ventricular rate in complete heart 
block is usually faster in patients under 30 years of age than in older 
persons. This observation is borne out by the three cases here reported. 

The Relation Between Blood Pressure and the Cardiac Output: A 
consideration of the blood pressure of these subjects indicates that there 
is no consistent relation between the pulse pressure and the cardiac 
output, either per minute or per beat. The pulse pressure in the first 
patient was moderately elevated, averaging 87 mm.; that of the second 
patient was only slightly elevated, averaging 61 mm., while that of the 
third patient was greatly elevated, averaging 111 mm. The latter case, 
however, was complicated by arteriosclerosis. This may be an additional 
factor in causing the increased blood pressure found in this patient, but 
would not explain that in the first patient as she had no generalized 
vascular disease. These figures indicate that the stroke volume can be 
enormously increased with or without a corresponding increase in pulse 
pressure. This is evidence of the rdle played by the variations in vascu- 
lar tone. It can be seen also that in these subjects the pulse pressure 
is not an index of the cardiac output per minute, since with the wide 
differences in pulse pressure there was very little difference in their 
circulatory minute volumes. This illustrates the fact observed previously 
by Burwell and Smith * that there is little relation between blood pres- 
sure and cardiac output in different individuals. 


Vital Capacity, Alveolar Carbon Dioxide, Carbon Dioxide of the 
/-xpired Air and Respiratory Minute Ventilation: The two younger 
patients had a normal vital capacity, associated with normal alveolar 
carbon dioxide tension, carbon dioxide percentage of the expired air 
and respiratory minute ventilation. The older subject, however (case 3), 
had a lower alveolar carbon dioxide tension and carbon dioxide per- 


14. White, P. D., and Sprague, H. B.: High Grade Heart Block Under 
Thirty Years of Age, M. Clin. North America 10:1235, 1927. 

15. Burwell, C. S., and Smith, W. C.: The Output of the Heart in Patients 
with Abnormal Blood Pressures, J. Clin. Investigation 7:1, 1929. 
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centage of the expired air and a greater respiratory minute ventilation. 
These ditferences were probably related to the more advanced myocardial 
and vascular disease in the older subject. 

The Effect of Barium Chloride on the Circulation in Complete 
Heart Block: The observation that barium chloride relieves the attacks 
of syncope in Stokes-Adams disease, as reported by Cohn and Levine,*” 
led us to study the effect of this drug on the circulation in two of our 
subjects (cases 2 and 3). Thirty milligrams was given three times 
daily. Reference to table 1 will show that no appreciable changes could 
be detected in the pulse rate, cardiac output or stroke volume under 
the influence of this drug. A slight decrease in pulse rate did occur, 
however, when barium chloride was discontinued in case 3. No cor- 
responding change occurred in the cardiac output. 

From our studies of these patients, it seems that complete heart 
block per se does not alter the efficiency of the circulation in the basal 
state. This is borne out by the normal cardiac output per minute, vital 
capacity, alveolar carbon dioxide and respiratory minute ventilation 
found in the two younger patients (cases 1 and 2), in whom there was 
no evidence of cardiac disease other than the heart block. This, too, 
is entirely in accord with the results of simple clinical observation of 
patients of this type. 

Since the observations in the two younger patients (cases 1 and 2) 


were normal when they were studied in the basal state, it was thought 
that their response to exercise would be of interest. This is reported 
in the second paper of this series. 


2. THe ReEstorATION oF AURICULAR FrBRILLATION TO NORMAL 
kuytHM.—lIn this group, three patients were studied, one of whom had 
auricular fibrillation without any demonstrable valvular lesion, and the 
other two mitral stenosis and insufficiency. The response to digitalis 
therapy was also studied in two of these patients, before normal rhythm 
was established. The results are shown in table 2 and in chart 1. 


CasE 4.—P. R., a man, aged 43, was admitted to the hospital with shortness 
of breath and a totally irregular pulse ten days before these studies were begun. 
The heart was not enlarged. The blood pressure was 110 mm. systolic and 
80 mm. diastolic. The blood Wassermann reaction was positive. At the time 
of these studies the ventricular rate was 100 with a pulse deficit of from 15 to 
20 a minute. The heart sounds were normal and only a faint systolic murmur 
could be heard at the apex. There was no evidence of congestive failure at this 
time and the lungs were entirely clear. The vital capacity was 4,200 cc., or 91 
per cent of the normal. 

Observations were made on this patient before the use of any medication, 
again when digitalis was given, and finally after normal rhythm was restored with 
quinidine sulphate. The output of the heart averaged 3.2 liters a minute when no 


16. Cohn, A. E., and Levine, S. A.: Beneficial Effects of Barium Chloride on 
Adams-Stokes Disease; Report of Three Cases, Arch. Int. Med. 36:1 (July) 1925. 
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Chart 1—Graphic representation of the observations on the circulation and 
respiration of three patients with auricular fibrillation before and after the 
restoration of normal rhythm; case 4, a man, aged 43, with auricular fibrillation 
and syphilis; case 5, a man, aged 56, with mitral insufficiency and stenosis, and 
auricular fibrillation ; case 6, a man, aged 25, with mitral insufficiency and stenosis. 
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medication was being given. Following the administration of digitalis, the 
ventricular rate decreased from 100 to 79 and the pulse deficit disappeared. At 
the same time, the cardiac output rose to an average of 4.2 liters a minute, an 
increase of 31 per cent, and the stroke volume increased from 37 cc. to 53 ce. 
Following restoration to normal rhythm, there was no further increase in the 
cardiac output. 


Case 5.—T. H., a man, aged 56, admitted to the hospital because of attacks 
of syncope, showed no symptoms of congestive heart failure. The heart was 
slightly enlarged, the rhythm was totally irregular and the rate 80 a minute, but 
there was no pulse deficit. There were the usual signs of mitral stenosis and 
insufhciency. The blood pressure was 120 mm. systolic and 78 mm. diastolic. 
There was normal resonance over the lungs, and no rales could be heard on 
repeated examinations. The vital capacity was 3,100 cc., or 66 per cent of the 
normal. Here, as in case 3, the low vital capacity might lead one to suspect a mild 
degree of congestive heart failure. The fact that the patient worked daily as a 
pressman without discomfort, and that the lungs, liver and extremities at no time 
showed any evidence of congestion, led us to believe that there could be no 
impairment of gaseous diffusion between the alveolar air and the pulmonary 
circulation. 

Studies in this case were begun before the use of any medication. Digitalis 
was never given to this patient, as there was no congestive failure and the heart 
rate was slow and without pulse deficit. The minute output of the heart was 
3.5 liters, and the stroke volume was 44 cc. Following these observations, he was 
given quinidine sulphate and a sino-auricular rhythm was established. The first 
twenty-four hours after this change, the rhythm was quite irregular, because of 
the occurrence of about twelve auricular premature contractions a minute. The 
next day there was a return to auricular fibrillation. The dosage of quinidine was 
then increased and the heart assumed a slow, regular rhythm, at a rate of 59 
beats a minute. No change occurred in the cardiac output when sino-auricular 
rhythm was first established with the auricular premature contractions, nor was 
there any change with return to auricular fibrillation. When the regular sino- 
auricular rhythm was finally established, however, without premature contrac- 
tions, the cardiac output increased from an average of 3.4 liters to 4.4 liters, an 
increase of 29 per cent. There was a corresponding increase in the stroke volume 
from an average of 44 cc. to 74 ce. 


Case 6.—F. M., a man, aged 25, was admitted to the hospital in a state of 
mild cardiac decompensation, brought about by two months of hard manual labor 
to which he was unaccustomed. The heart was not enlarged; the rhythm was 
totally irregular, and the rate was slow and without pulsé deficit, even before the 
use of digitalis. There were the auscultatory signs of mitral insufficiency and 
stenosis. The blood pressure was 120 mm. systolic and 80 mm. diastolic. One 
week later, he was symptom-free and without evidence of congestive failure. 
The ventricular rate was 68 and there was no pulse deficit. The lungs were clear 
throughout and there was no peripheral edema. The vital capacity was 5,000 cc., 
or 110 per cent of the normal. 

Therapy with digitalis was begun the day of admission to the hospital. One 
week later, there were no signs of congestive failure and the special studies were 
begun. The drug was then omitted for ten days and the observations were 
repeated. Following this, the patient was again given full doses of digitalis 
and the studies were repeated, and finally after normal rhythm had_ been 
restored with quinidine sulphate. The cardiac output was 4.3 liters a minute 


i 
3 
\ 


SMITH ET AL.—CARDIAC OUTPUT 717 


when first observed under the effect of the digitalis. The stroke volume was 
6S ce. Neither omission of the drug for ten days nor the second period of 
digitalization caused any appreciable change in the cardiac output. There was a 
slight increase in the heart rate when digitalis was omitted, but no pulse deficit 
appeared. Following restoration to normal rhythm, the cardiac output increased 
to an average of 5.6 liters a minute, a rise of 30 per cent. At the same time, 
there was an increase in the stroke volume from an average of 65 cc. to 75 cc., 
and the heart rate increased from an average of 65 to 74 a minute. 


The Output of the Heart: A review of the response of these patients 
to digitalis and quinidine therapy is necessary for comparison. The first 
patient (case 4) did not have mitral stenosis. The heart rate was rapid 
and there was a pulse deficit of from 15 to 20 a minute during fibrilla- 
tion. Digitalis decreased the heart rate and abolished the pulse deficit, 
and the output of the heart increased 31 per cent. Restoration to 
normal rhythm caused no further increase in the cardiac output. The 
second and third patients (cases 5 and 6) had mitral stenosis. Their 
heart rates during fibrillation were slow and without pulse deficit. 
Digitalis caused no change in the cardiac output of one of them and 
was not given to the other. Restoration to normal rhythm, however, 
caused a 29 per cent increase in the output of the heart in one and a 
30 per cent increase in the other. 

We had the opportunity of observing in one patient (case 5) the 
output of the heart when the rhythm was irregular from auricular 
fibrillation on one day and irregular from auricular premature contrac- 
tions on the next. These two conditions were quite similar clinically, and 
an electrocardiogram was necessary to determine the type of arrhythmia. 
The return of auricular fibrillation on the third day allowed us again 
to measure the output of the heart under this condition. The cardiac 
output was found to be the same with the two types of arrhythmia. 
Thus, the irregularity produced by many auricular premature contrac- 
tions may have the same effect on the cardiac output as the irregularity 
of auricular fibrillation. 


The Effect of Pulse Deficit on the Output of the Heart in Auricular 
Fibrillation: This effect is well illustrated in case 4 in which there 
was a pulse deficit of from 15 to 20 a minute, the elimination of which 
by digitalis was associated with a substantial increase in the cardiac 
output. No further increase occurred when regular rhythm was estab- 
lished. This patient had no mechanical obstruction at the mitral orifice. 

The Effect of Mitral Stenosis on the Output of the Heart in Auricu- 
lur Fibrillation: Neither of the two patients with mitral stenosis (cases 
5 and 6) had a pulse deficit. There was a definite increase in the cardiac 
output when sino-auricular rhythm was established without premature 
contractions. Thus it seems, in these subjects, that with a mechanical 
obstruction at the mitral orifice, auricular systole is essential in the 
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maintenance of a normal output of the heart. Without obstruction at 
the mitral orifice, as in case 4, auricular fibrillation, at the time there 
was no pulse deficit, had no influence in reducing the cardiac output. 

As it has been shown in the patients studied that either pulse deficit 
or mitral stenosis cause a decrease of from 29 to 31 per cent in the 
cardiac output when there is auricular fibrillation, it is only reasonable 
to suppose that when these conditions coexist there will be an even 
greater reduction in the output of the heart. These data may be of 
some use in the selection of patients who would be benefited by the 
restoration of auricular fibrillation to normal rhythm. 


Alveolar Carbon Dioxide, Carbon Dioxide Percentage of the Expired 
Air, Arteriovenous Difference, Respiratory Minute Ventilation and Vital 
Capacity: In each of the three cases under discussion the increase that 
occurred in the cardiac output was accompanied by an increase in the 
alveolar carbon dioxide and in the carbon dioxide percentage of the 
expired air, a decrease in the arteriovenous difference in carbon dioxide, 
and some decrease in the respiratory minute ventilation. The decrease 
in the arteriovenous difference resulted largely from the elevation in 
the alveolar carbon dioxide, with a lesser rise in the venous level. These 
changes are illustrated in chart 1. There was no significant change 
in the vital capacity of any of these subjects with the increase in 
cardiac output. 


3. SUBACUTE RHEUMATIC FEVER.—This section considers the obser- 
vations made in one case at irregular intervals for a period of seven 
months. The results are shown in table 3 and in chart 2. 


Case 7.—G. P., a graduate nurse, aged 23, living in the hospital, complained of 
palpitation, precordial pain and slight breathlessness of two months’ duration. 
Low grade fever and an overactive heart were associated with these symptoms. 
They continued intermittently for a period of seven months. At the end of this 
time, an acute, rapidly shifting, multiple arthritis developed. There was no 
clinical evidence of a definite valvular lesion, nor was the heart enlarged. No 
rales were ever heard in the lungs. The basal blood pressure was quite unstable, 
fluctuating between 142 and 118 mm. systolic and 90 and 65 mm. diastolic. The 
vital capacity was 3,400 cc. or 112 per cent of the normal. 

The symptoms were marked and the heart was overactive during the first 
six weeks that the patient was observed. She was then admitted to the hospital 
for eleven days because of lack of improvement. This was followed by two 
months of convalescence during which she was without symptoms. She then 
returned to work and felt well, except for occasional palpitation and precordial 
pain, until the onset of the acute arthritis seven months after these studies were 
begun. 

Seven observations were made during the first six weeks. Symptoms were 
quite marked during this time, but she continued at work. The average output 
of the heart was 4 liters a minute, the pulse rate was 82 and the stroke volume 
was 49 cc. There was a gradual decrease in the cardiac output during the time 
between the first observation and admission to the hospital six weeks later. 
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Clinical improvement began soon after entrance to the hospital, and by the sixth 
day the patient was feeling quite well. At this time, the cardiac output had 
increased 65 per cent to 6.6 liters a minute, and the stroke volume had risen 
from 49 to 84 cc., an increase of 71 per cent. The pulse rate, however, decreased 
very little until several days later. The elevated cardiac output was maintained 
during the two months’ period of convalescence and after she resumed her duties 
as a nurse. With the onset of acute arthritis, there were a few mild cardiac 
symptoms, but no further changes occurred in the circulatory mechanism except 
for an increased pulse rate. 


The Output of the Heart per Minute and per Beat: When the output 
ot the heart is correlated with the clinical course in this patient, the 
relation between the higher level of cardiac output and clinical improve- 
ment is quite striking. The lower output, observed when the symptoms 
were quite marked, may be explained by a myocardial fatigue, brought — 
about by the prolonged rheumatic infection plus continued physical 
activity. 

The Relation Between the Blood Pressure and the Cardiac Output: 
The fluctuations in blood pressure that occurred during the seven months 
in no way paralleled the changes in cardiac output (chart 2). In spite 
of the variable systolic and diastolic pressures, the pulse pressure 
remained remarkably constant throughout, having an average of 58 mm. 
with a cardiac output of 4 liters a minute, and again of 58 mm. when 


the output was 6 liters. Here, as in the patients with complete heart 
block, there was no constant relation between the blood pressure and 
the output of the heart, per minute or per beat. 


Alveolar Carbon Dioxide, Carbon Dioxide Percentage of the Expired 
Air, Arteriovenous Difference in Carbon Dioxide, Respiratory Minute 
Ventilation and Vital Capacity: It can be seen from chart 2 that the 
alveolar carbon dioxide associated with the lower cardiac output was 
much less than that found when the cardiac output had increased. The 
arteriovenous difference, then, was decreased by a relatively greater 
change in the alveolar than in the venous level. It was also found that 
the percentage of carbon dioxide in the expired air increased with the 
elevation in cardiac output, and that the respiratory minute ventilation 
decreased. The vital capacity remained practically unchanged through- 
out the seven months of observation. 


The Relation of the Cardiac Output to the Heart Sounds: During 
the first six weeks that the patient was observed, the heart sounds were 
loud and snapping and the rate was somewhat increased. The cardiac 
output at this time ranged from 3 to 4 liters a minute. Two months 
later, the heart sounds were of normal intensity, with a slower rate, and 
the output of the heart was well above 6 liters a minute in repeated 
experiments. Increased intensity of the heart sounds, therefore, does 
not necessarily indicate an increase in the cardiac output. 
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Chart 2.—Graphic representation of the changes that occurred in the circula- 
tion and respiration of a patient with subacute rheumatic fever over a period of 
- seven months; case 7, a woman, aged 22, with subacute rheumatic fever. 
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4. Curonic RHEUMATIC VALVULAR DisEASE.—This group includes 
three patients with well established rheumatic valvular disease, one of 
whom had aortic stenosis and insufficiency and the other two combined 
mitral and aortic disease. 


Case 8.—Aortic Stenosis and Insufficiency—J. B., a man, aged 52, was 
admitted to the hospital because of substernal pain of two years’ duration and 
orthopnea for the past four days. There was an indefinite history of rheumatic 
fever twenty years before. The heart was considerably enlarged, the rate was 110 
a minute and the rhythm regular. There were the auscultatory signs and the 
thrill of aortic stenosis and insufficiency. The blood pressure was 110 mm. 
systolic and 55 mm. diastolic. 

Eight days after admission to the hospital, these studies were begun. At this 
time, there were no signs of congestive heart failure; there was no dyspnea, and 
the lungs were clear throughout. The vital capacity was 3,000 cc., or 70 per 
cent of the normal. In spite of this lowered vital capacity, we felt that diffusion 
could take place between the blood and the alveolar air unimpaired, because there 
were no rales in the lungs at any time. 

The output of the heart in this patient was entirely within the range of 
normal, averaging 4.4 liters a minute and 57 cc. a beat (table 4). 


Case 9.—Mitral Stenosis and Insufficiency and Aortic Insufficiency (Mild) — 
S. T., a youth, aged 16, had been observed in the outpatient department at 
irregular intervals for the past three years. He led an active life, playing basket- 
ball three times a week without discomfort. The heart was slightly enlarged, the 
rate and rhythm were normal, and the blood pressure averaged 117 mm. systolic 
and 65 mm. diastolic. The lungs were entirely clear and without rales, and the 
vital capacity was 3,000 cc., or 73 per cent of the normal. 

The output of the heart in this subject averaged 4.9 liters a minute and 61 cc. 
a beat (table 4). 


Case 10.—Aortic Insuffictency, and Mitral Stenosis and Insufficiency 
(Advanced).—I. C., a youth, aged 18, had been admitted to the hospital on three 
occasions during the past three years. Four hundred cubic centimeters of fluid 
was removed from the pericardial cavity on the first admission. He was found 
to have well established valvular disease at this time. There had been recurrent 
attacks of rheumatic fever since he was 7 years old. The heart was markedly 
enlarged, and the rhythm was regular at a rate of 67 a minute. The blood 
pressure was 140 mm. systolic and 20 mm. diastolic. No rales were heard in the 
lungs and the vital capacity was 3,400 cc., or 77 per cent of the normal. 

The cardiac output averaged 4 liters a minute and 59 cc. a beat on two 
observations. 


The Output of the Heart per Minute and per Beat: In spite of 
the well established valvular lesions, the output of the heart in these 
three patients fell within normal limits. These observations are in accord 
with those of Blumgart and Weiss,’ who found that the velocity of the 
blood flow is normal in patients with compensated rheumatic valvu- 
lar disease. 


The Relation Between Blood Pressure and the Cardiac Output: 
Here, as well as in the patients with complete heart block and subacute 
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rheumatic fever, we found a striking lack of relationship between blood 
pressure and cardiac output. Reference to table 4+ will show that in 
case 9 the pulse pressure was 52 mm. and the cardiac output 4.9 liters, 
whereas in case 10 the pulse pressure was 117 mm. and the cardiac 
output 4 liters a minute. The output of the heart accompanying the 
higher pulse pressure was almost 1 liter less per minute than that asso- 
ciated with the lower one. 

Vital Capacity, Alveolar Carbon Dioxide, Carbon Dioxide of the 
Expired Air and the Respiratory Minute Ventilation: The vital capaci- 
ties were lower than those found in the other groups of patients. In 
spite of the reduced vital capacities, no rales were heard in the lungs, 
and one patient, whose vital capacity was 73 per cent (case 9), was 
able to play basketball three times a week. \We do not believe that 
there was any impairment of gaseous diffusion between the blood and 
the alveolar air. No remarkable variations from normal were observed 
in the alveolar carbon dioxide tension, the carbon dioxide of the expired 
air and the respiratory minute volume. 


COMMENT 

The Output of the Heart per Minute and per Beat—We have 
demonstrated that the output of the heart per minute measured by the 
method used remains within normal limits when the patient is in a 
compensated condition, even with the added burden of complete heart 
block, auricular fibrillation, subacute rheumatic fever or chronic rheu- 
matic valvular disease. We did, however, find certain evidence to lead 
us to believe the output of the heart is decreased with the onset of 
congestive failure. 

Evidence that the Output of the Heart May be Decreased in Con- 
gestive failure-—By serial observations we have demonstrated an 
increase in the cardiac output of four patients with compensated heart 
disease whose minute output previously had been found to be low. There 
was no evidence of congestive failure in these patients, three of whom 
had vital capacities between 91 and 112 per cent of their normal (cases 
4,6and7). This increased cardiac output was associated in two patients 
(cases 5 and 6) with conversion of auricular fibrillation to normal 
rhythm; in another (case 4), with the abolition of a pulse deficit with 
digitalis, and in the fourth (case 7), who had subacute rheumatic fever, 
with improvement following rest in bed. Coincident with this increase 
in cardiac output, there was an increase in the alveolar carbon dioxide 
and in the percentage of carbon dioxide in the expired air, and a decrease 
in the pulmonary minute ventilation. 

It has been pointed out by other investigators ‘* that in patients with 
congestive failure there is a decrease in the arterial or alveolar carbon 


17. Harrop (footnote 9). Meakins, Dautrebande and Fetter (footnote 4). 
Peabody (footnote 10). Peters and Barr (footnote 11). 
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dioxide, and in the percentage of carbon dioxide of the expired air, 
and an increase in the pulmonary minute ventilation. 

Thus, in our patients, when the cardiac output was low, the values 
of the alveolar carbon dioxide, the percentage of carbon dioxide in the 
expired air and the pulmonary minute ventilation were changed in the 
same direction as those reported in patients with cardiac failure. It does 
not seem unreasonable to infer, then, that the output of the heart is 
probably decreased in congestive failure. This is contrary to the opinion 
of some observers, who contend that the cardiac output is increased in 
congestive failure. The general physiologic disturbances that take place 
in patients with cardiac decompensation are very complex, however, and 
too much inference as to what occurs when the heart fails should not 
be drawn from this small series of patients with compensated heart 
disease. 

SUM MARY 

1. The output of the heart was studied in three patients with com- 
plete heart block, two of whom were under 25 years of age; in three 
patients with auricular fibrillation before and after conversation to 
normal rhythm, two of whom had mitral stenosis; in one patient with 
subacute rheumatic fever without a definite valvular lesion, and in three 
patients with chronic rheumatic valvular disease with regular rhythm. 
The method of Field, Bock, Gildea and Lathrop was used. All patients 
were in a well compensated condition and the observations were made 
while the patient was in the basal state. 

2. The patients with complete heart block had a minute output of 
the heart within the range of normal, but each had a greatly increased 
stroke volume. 

3. Of the three patients with auricular fibrillation, the two with 
mitral stenosis showed an increase in cardiac output of one fourth or 
more when the rhythm became regular. They did not have a pulse 
deficit. The cardiac output of one of these patients was the same with 
the irregularity of auricular fibrillation as with an irregular sino-auricular 
rhythm caused by auricular premature contractions. When a regular 
rhythm without premature contractions was established, there was a 
29 per cent increase in the cardiac output. The third patient, who had 
a pulse deficit of from 15 to 20 a minute but no mitral stenosis, showed 
a corresponding increase in output when the pulse deficit was eliminated 
with digitalis. No further increase occurred when normal rhythm was 
established with quinidine sulphate. 


4. The cardiac output of the patient with subacute rheumatic fever 
showed considerable fluctuation but was within normal limits. Clinical 
improvement in the patient’s condition was associated with an increase 
in the level of cardiac output. 
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5. The output of the heart in five patients with chronic rheumatic 
valvular disease associated with regular rhythm was normal. 

6. A striking lack of relationship between blood pressure and cardiac 
output in the same and in different individuals was demonstrated. 

7. We have shown an increase in the cardiac output of four patients. 
Coincident with this increase, there was an increase in the alveolar 
carbon dioxide, and in the percentage of carbon dioxide of the expired 
air and a decrease in the respiratory minute ventilation. It was previ- 
ously shown by other investigators that patients with congestive heart 
failure have a lowered arterial or alveolar carbon dioxide and percentage 
of carbon dioxide in the expired air, with an increase in the respiratory 
minute volume. Then, in our patients, when the cardiac output was low, 
the values of the alveolar carbon dioxide, the percentage of carbon 
dioxide of the expired air and the pulmonary minute volume were 
changed in the same direction as in patients with congestive failure. 
From these observations, we have suggested that there may be a decrease 
in the output of the heart with the onset of congestive failure. 
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Previous papers of this series have dealt with the relation of food 
intake and body weight in obese subjects,! basal metabolism,’ the 
specific dynamic action of foods * and the distribution of energy produc- 
tion after taking food. The present communication will take up the 
mechanical efficiency of obese women as compared with that of normal 
and underweight subjects. Little has been written on this subject. 
Aside from the studies made on two obese subjects by Jaquet and 
Svenson,® the only paper which we were able to find having a direct 
hearing on our work was that reported by Gessler.” Their results will 
he discussed with ours later. 


EXPERIMENTAL WORK 


In this investigation forty-one experiments were conducted on 
twenty-seven obese women varying in weight from 60.9 to 118.6 Kg. 
(134 to 262 pounds) with a percentage overweight of from 12.2 to 

* Submitted for publication, Nov. 1, 1929, 

*From the Medical Clinic, the Gusta Morris Rothschild Fund and the Otto 
Baer Fund for Clinical Research of the Michael Reese Hospital and the Nelson 
Morris Memorial Institute for Medical Research. 
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110.1 as compared with the standards accepted by life insurance 
companies.’ With the exception of four subjects who were 16, 31, 32 
and 56 years of age, the ages of this group ranged between 18 and 
28 years. For comparison, the same experiments were conducted on 
nine normal women between the ages of 19 and 38 and on seven thin 
women between the ages of 20 and 40. The subjects in the normal 
group varied in weight from 48.3 to 63.2 Kg. (107 to 140 pounds) 
with a percentage deviation from the standard of from +8 to —7.9. 
The underweight subjects weighed from 88 to 113 pounds (40 to 
51.3 Kg.) and were from —15.3 to —27.1 per cent underweight. 

As in our previous studies of this series,* the Tissot gasometer, with 
the Haldane gas analysis apparatus was employed for the measure- 
ment of the heat production. The work done was measured by a 
bicycle ergometer designed by C. Drinker of Harvard University. 
Each subject received a practice period varying in length from fifteen 
minutes to several hours according to her ability. Many of the obese 
women had to repeat the practice several times, and a few of them 
had to give up the test after many unsuccessful attempts. 

All the experiments were conducted on subjects who were in a 
postabsorptive condition. After measuring the heat production of the 
person while sitting on the ergometer, a second test was taken while 
she was riding on the machine with a load of about 2.7 Kg. (6 pounds) 
at a speed of about 120 revolutions per minute, exact values being given 
in the tables. The duration of the first test was ten minutes, while 
that of the latter varied from about three to eight minutes, depending 
on the volume of gas expired. As the capacity of the gasometer bell 
is limited to about 120 liters, it was impossible in the majority of cases 
to continue our experiments during exercise much longer than five 
minutes. For the same reason we were unable to carry our experiments 
through the recovery period and to determine the “oxygen debt” of our 
subjects. Nevertheless, our results on the three types of subjects are 
relative and interesting. The energy spent on muscular work was 
calculated from the difference in heat production of the two tests and 
expressed as percentage of mechanical efficiency. 


COMMENT 


Tables 1, 2 and 3 show that the mechanical efficiency of the three 
groups varied greatly. In the obese group the mechanical efficiency 
ranged from 15 to 31.3, with an average of 21.7 per cent. As there 
seemed to be a general trend to a decrease in mechanical efficiency with 


7. Association of Life Insurance Medical Directors and Actuarial Society of 
America, Medico Actuarial Mortality Investigation, 1912. 
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Taste 1.—Mechanical Efficiency of Obese Subjects 
Heat Production 
Weight per Hour in Calories 

Percentage Work Mechan- 
Deviation Sitting Done, ical Ef- 
Height, Kilo- from on Er-  Exer- Cal- ficiency, 
grams Normal gometer cising Work ories per Cent 


112.7 386 
104.8 + 97. 92 362 
342 
379 

351 

365 

417 

349 

343 

3138 

326 

248 

259 

308 

246 

321 

351 

318 

302 

320 

299 

302 

261 


262 


Ae 


14 
2.3 
1.0 
1.8 
7.3 
7.3 
4.6 
8.3 
4.5 
0.2 
1.8 
4.5 
6.2 
2.8 

3 


5 
4 
5 
5 
4 
4 
5 
4 
4 
5 
5 
4 
5 
4 
4 


Average ... i. : 82.2 301.6 222.9 


Taste 2.—Mechanical Efficiency of Normal Subjects 


Heat Production 
per Hour in Calories 
Percentage y Work Mechan- 
Deviation Sitting Done, ical Ef- 
Height, <ilo- on Er- Cal- ficiency, 
Cm. gometer cising Work ories per Cent 


161.8 . +8. 64 302 238 53.1 
153.4 56.2 3.6 5s 263 205 51.0 
161.0 268 214 50.5 
163.3 261 298 
160.7 293 233 
153.4 328 270 
15L.1 266 212 
154.9 268 207 
172.1 264 194 


Average ... 5 159.0 


268 219 


Sub- 
ject Yrs. 
7 17.5 
3 15.0 
5 15.7 
4 20.3 
9 18.1 
0 19.4 
4 23.4 
2 17.9 
263 49.0 22.4 
9 235 48.2 20.5 
.1 245 52.6 21.5 
163.8 163 43.5 26.8 
164.5 182 43.1 23.7 
157.2 199 46.4 23.3 
164.5 1i7 41.5 23.4 
| ere | 167.9 173 37.7 21.7 
151.6 274 51.8 19.0 
/ 157.7 228 36.4 16.0 
157.7 201 46.2 23.0 
Gi.5. 161.5 236 56.6 24.0 
167.3 206 36.8 17.9 
wevksts 165.4 222 44.6 20.1 
161.6 186 25.5 
163.5 85.5 + 492 86 || 29.1 
Devaaees 18 159.1 80.7 + 49.1 69 242 173 24.4 
+ 48.2 60 300 240 21.2 
+ 45.0 69 322 253 20.5 
+ 44.0 iT 308 241 19.6 
+ 418 77 253 176 27.0 
+ 39.0 80 362 282 19.4 
+ 37.7 64 295 250 21.0 
+ 36.9 Sl 296 216 20.6 
+ 35.0 77 245 168 29.9 
+ 34.6 70 295 225 23.0 
+ 30.4 81 321 241 18.5 
22.7 
18.7 
20.5 
4 30.3 
+ 13.3 72 236 214 50.2 23.4 
+ 12.2 57 197 140 43.9 31.3 
45.9 21.7 
Sub- Age, 
ject Yrs. 
22.3 
24.9 
23.6 
27.9 
23.5 
21.1 
25.5 
Va 27.1 
23.6 
—0.69 60 53.1 24.4 
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an increase of obesity, this group was subdivided arbitrarily into four 
divisions according to the degree of obesity. It can be seen clearly from 
table 4 that the most obese group, which ranged between 110.1 and 
84.3 per cent overweight, gave an average mechanical efficiency of 
17.7 per cent, and the value increased gradually in the next three 


divisions. The subjects in the last group, ranging from 23.7 to 12.2 per 


3— Mechanical Efficiency of Underweight Subjects 


Heat Production 
per Hour in Calories 


Sitting 
on Er- 
gometer 


Weight 


Percentage 
Deviation 
from 
Normal 


Work Mechan- 
Done, ical Ef- 
Cal- ficiency, 
ories per Cent 


Energy 

Spent 
on 

Work 


Height, 
cm. 


Kilo- Exer- 


cising 


162.3 
0. 158.2 
M. 
M. 
M. 


Average ... 


264 
256 
273 
250 
281 
217 
200 


248.7 


203 
205 
216 
193 
215 
162 
142 


190.9 


26.3 
26.4 
29.2 
25.5 
27.2 
27.6 


30.9 
27.6 


Efficiency of Obese, Normal and Underweight 


Weight 


Subjects 


Heat Production 


per Hour in Calories 


Percentage 
Deviation 
from 
Normal 


Range 

of Per- 
centage 

Over- 

weight 


Age, 


Height, 
Years Cm. 


Sitting on 


the Ergometer Ex- 


Per Kilo- 


Total gram 


Obese 


+91.6 
+ 64.6 
+ 40.9 
+-16.6 


110.1—84.3 
77.2—50.0 
50.0—30.0 


23.7—12.2 


100 
88 
73 
64 


0.92 
0.94 
0.93 
0.96 


er- 
cis- 
ing 


361 
311 
292 
262 


Work 
Done, 
Cal- 
ories 


Energy 
Spent 


46.5 
47.3 
45.0 
46.3 


Mechan- 
ical- 
Effi- 

ciency, 
per Cent 


Normal 
8.0to— 7.9 60 
Underweight 
15.1 to—-23.7 58 


— 0.69+ 1.07 


—28.1 - 


1.28 


cent overweight, gave an average mechanical efficiency of 24.5 per cent, 
which was almost identical with that found in the normal group. The 
percentage deviation from the standard weight of the subjects in the 
normal group varied from +8 to —7.9, and their mechanical efficiency 
ranged from 21.1 to 27.9 per cent. The subjects in the underweight 
group gave the highest mechanical efficiency with a range of from 
25.5 to 30.9 with an average value of 27.6 per cent. 

In comparing our results with those of other investigators, the 
average value of our normal group agreed with that reported by 


ject Yrs. a 
48.6 — 15.1 61 53.4 
45.4 —18.9 51 54.1 
44.1 —21.8 57 63.1 
40.0 —25.4 57 49.2 
41.5 —26.4 66 58.5 
45.6 —27.0 55 44.7 
51.3 —27.1 58 53.9 il : 
25 162.0 45.2 ~-23.1 57.9 Mmm 52.4 
Taste 4.—Average Mechanical 
— 
| 
grams Work 4 
23.3 159.5 109.1 263 
23.0 161.2 94.2 232 21.8 
21.6 161.4 79.1 219 22.9 
30.5 157.2 66.4 Pe 198 24.5 
24.6 159.0 55.9 = fl 268 219 53.1 24.4 
25.0 162.0 45.2 249 181 52.4 57.6 
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Loewy,® who stated that for a well trained man turning a brake ergom- 
eter the average net efficiency would be between 24 and 25 per cent. 
However, these values are much lower than those given by Benedict 
and Catheart,® who gave from 28 to 30 per cent as an average drawn 
irom a large series of experiments on men. This discrepancy was 
probably due in part to the fact that their subjects being men were 
more muscular and were more familiar with the ergometer than our 
subjects who were all women. This statement was substantiated by 
the higher results obtained in our undernourished group, many of whom 
were well acquainted with bicycle riding and were more muscular than 
the members of the other two groups. The average value from this 
group was 27.6 per cent. Our results on obesity did not agree with 
Loewy’s statement that the energy consumption per kilogrammeter of 
work varied inversely with the body weight. This difference may be 
due in part to the fact that the increased weight of our subjects came 
largely from inert fat, whereas in his case it was largely due to an 
increase of muscles. Jaquet and Svenson,* using a special pedal appa- 
ratus, found that the values of the increased oxygen consumptions 
(cubic centimeters per minute) per kilogrammeter of work of two 
obese women were 4.67 and 1.87 (average of three tests). These 
values were higher than those found by Katzenstein '’ in his study on 
four subjects with an oxygen consumption of 1.187, 1.244, 1.435 and 
1.504 ce. Ina study made on thirteen normal and eight obese subjects, 
Gessler ° demonstrated that the subjects in the obese group used less 
oxygen than those in the normal group in performing the same piece 
of work which was measured by a special piece of hand apparatus. All 
his subjects were thoroughly trained before starting the investigation. 
This might account for the discrepancy between his results and ours. 
His work further showed that mechanical efficiency varied with age in 
both the obese and the normal subjects. Thus the age of the subjects 
in the obese group varied from 16 to 40 years with a mechanical 
efficiency of from 18.2 to 28.1 per cent. The corresponding values of 
the normal group were 17 to 44 years and 15.2 to 23.5 per cent. 
Table 5 gives the results of our experiments arranged according to age. 
No correlation with age was found in either the obese or the normal 
group. However, his conclusions were substantiated by our under- 


8. Loewy, A.: Der respiratorische und der Gesamtumsatz: IX. Der Nutz- 
effekt der Umsatzsteigerung bei Muskelarbeit, in Oppenheimer : Handbuch der Bio- 
chemie, Jena, 1911, vol. 4, p. 274. 

9. Benedict, Francis G., and Cathcart, Edward P.: Muscular Work. A 
Metabolic Study with Special Reference to the Efficiency of the Human Body 
as a Machine, Carnegie Institution of Washington, 1913. 

10. Katzenstein, George: Zusammenstellung der Gehversuche von Zimm, 
\rch. f. d. ges. Physiol. 49:368, 1891. 


TABLE 5.— 


Percentage. Work Mechanical! 
Above Done, Efficiency, 
Normal Calories per Cent 


17.9 
23.3 
16.0 
23.0 
20.3 
19.4 
26.8 
24.4 
24.0 
17.9 
20.1 
19.6 
27.0 
21.0 
20.6 
18.5 
23.4 
20.5 
25.5 
21.2 
23.0 
31.3 
21.7 
18.7 
29.1 
17.5 
15.0 
15.7 
18.1 
30.3 
23.7 
23.4 
29.9 
19.0 
19.4 
22.4 
21.5 
21.7 
23.4 
22.7 
20.5 


BEASSSS 


R. 
Dd. 
E. 
K. 
B. 
M. 
L 
L 
E. 
B. 
dD. 
A. 
A. 
A. 
A. 
F. 
Cc. 
B. 
L. 
B. 
E. 
E. 
E. 
Ss. 
E. 
I. 


Weight 


Percentage 
Deviation Work Mechanical 
from Done, Efficiency, 
Subject ears Normal Calories per Cent 
Normal 
57.3 +1.6 
53.6 
48.3 
56.2 
58.8 
61.4 
49.9 
63.2 
55.0 


27.9 
23.5 
27.1 
24.9 
23.6 
22.3 
25.5 
23.6 
21.1 


OMAN 


Underweight 


40.0 
48.6 
45.6 
45.4 
41.5 
44.1 
51.3 


Om 


MEE R elation of Mechanical Efficiency to Age 
Weight 
Subject Years gram 
Obese 
19 78.5 44.0 47.3 
kab 19 714 37.7 48.3 
19 78.4 36.9 44.5 
23 72.3 19.5 42.8 
27 99.6 65.9 41.5 
UT 32 92.6 77.2 79.4 
case 23 —21.8 29.2 
se 40 —27.1 30.9 
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nourished group in which the subjects varied in age from 20 to 
40 years and gave a mechanical efficiency of from 25.5 to 30.9 per cent. 
It was of interest to note that the energy expenditure for sitting 
on the ergometer was higher in the obese subjects than in those of the 
other two groups. Thus the values of the four divisions of the obese 
group as shown in table 4 were 100.1, 88.2, 73.2 and 63.6 calories per 
hour. The corresponding values for the normal and underweight group 
were 60 and 57.9, respectively. The higher values of the obese group 
were undoubtedly due to the increased load of these subjects as shown 
hy the average energy expenditure per kilogram of body weight. These 
values were 0.913, 0.936, 0.925 and 0.956 for the obese group and 
1.072 and 1.279 calories for the normal and underweight groups. 


SUMMARY 


A total of fifty-seven experiments were conducted on twenty-seven 


obese, nine normal and seven underweight subjects. 

The mechanical efficiency varied inversely with the percentage over- 
weight. The average values for the three groups were 21.7, 24.4 and 
27.6 per cent. A gradual decrease in mechanical efficiency with an 
increase in obesity was observed in the obese group. 

No relation was noted between the mechanical efficiency and the 


age of the subject. 
An increase of obesity was accompanied by an augmentation of 
heat production with the subject sitting on the ergometer. 


LIPOID NEPHROSIS 


REPORT OF A CASE OF UNUSUAL DURATION * 


EATON M. MACKAY, MD. 
CHRISTOPHER JOHNSTON, M.D. 


NEW YORK 


The literature abounds with reports of cases of chronic nephrosis ; 
observations on the clinical manifestations of the disease, its course, its 
frequent termination by peritonitis and its pathology are not uncommon. 
We have not, however, been able to find a report of a case that has 
lasted so many years as the one herein discussed. According to Munk,’ 
the disease may last months or years. Clausen? reported a case in a 
child, aged 13, who had had the disease since early childhood and was 
still living in 1924, and Lowenthal* reported a fatal case that lasted 
for nearly four years. The duration of other fatal cases has, in general, 
not been so long as this. In Davison and Salinger’s * series, the longest 
fatal case lasted thirty-six months; one of Kaufmann and Mason’s ° 
patients lived thirty-one months, and one of Volhard and Fahr’s ® lived 
fourteen months. 

Our patient was under observation for six years, and the history. 
which we feel is reliable, gives further evidence that the duration oi 
the disease was at least seventeen vears. 


REPORT OF CASE 


History —M. M., a Jewish boy, was born on March 18, 1909, and died on 
Dec. 2, 1928. The family history is noncontributory. The patient was appar- 


* Submitted for publication, Nov. 14, 1929. 

* From the Hospital of the Rockefeller Institute for Medical Research. 

* Through the courtesy of the Beth David Hospital and the Fifth Avenue 
Hospital, we were able to consult their original records of this patient. 

1. Munk, F.: Die Nephrosen, Med. Klin. 39:41, 1916. 

2. Clausen, S. W.: Parenchymatous Nephritis, Am. J. Dis. Child. 29:587 
(May) 1925. 

3. Lowenthal, K.: Zur Frage der Lipoid Nephrose, Virchows Arch. f. path. 
Anat. 261:109, 1926. 

4. Davison, W. C., and Salinger, R.: Tubular Nephritis (Nephrosis) in 
Children and Its Relationship to Other Forms of Nephritis, Bull. Johns Hopkins 
Hosp. 41:329, 1927. 

5. Kaufmann, J., and Mason, E.: Nephrosis: A Clinical and Pathologic 
Study, Arch. Int. Med. 35:561 (May) 1925. 

6. Volhard, F., and Fahr, T.: Die Brightsche Nierenkrankheit, Berlin, Julius 
Springer, 1914. 
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ently normal at birth. He had measles at 9 months, with uneventful recovery. 
He gave no history of any other disease, except as noted under present illness. 

Present Illness—When he was about 16 months old, his face and cheeks 
became swollen, and in a few months his lower extremities started to swell. 
He was admitted to the Harlem Hospital for treatment for kidney disease, but 
was discharged unimproved. (Records of this admission are not available.) He 
was put on a diet in which salt, meat, eggs, pepper and spicy foods were prohib- 
ited, and was kept on this diet until he was 15 years old. 

According to his mother, his urine always contained large quantities of albu- 
min, and since the first attack he suffered from marked edema of the face, 
abdomen and legs at least every year. and usually oftener. The edema generally 
lasted but two or three weeks. 

Records from the Beth David Hospital show that he was readmitted on Nov. 
4, 1922 (previous records destroyed by fire) with marked edema of both legs and 
puffiness of the eyelids. His blood pressure was 118 systolic and 72 diastolic, 
his heart was normal, the lungs clear and the pharynx without injection. The 
patient was discharged against advice on Novy. 11, 1922. 

He was readmitted on Feb. 1, 1923, with edema of the face, vomiting and 
resolving pneumonia of the right lower lobe. Recovery was rapid. The patient 
was discharged on February 11. 

On July 2, 1923, his tonsils and adenoids were removed. On July 28, he was 
admitted with appendieitis, and at operation, pus was found in the abdominal 
cavity. No culture was taken. No edema was observed on admission, but on 
August 11, some puffiness appeared about the eyelids and soon became generalized. 
He apparently made a good rogeyery following operation and was discharged 
with edema on Sept. 5, 1923. 

On June 1, 1925, he awakened with edema of the eyelids, and four days later 
was admitted to the Beth David Hospital with marked edema of the eyelids and 
ascites. Special examination of the optic fundi showed no changes. By July 3, 
there was edema of the eyelids and over the sacrum and lower extremities; 
marked scrotal edema had developed, and the ascites had increased. Subjectively, 
the patient was well. There was slight improvement after this, but he was dis- 
charged against advice on Sept. 29, 1925, with considerable edema. Various thera- 
peutic measures had been tried. Hot packs were without effect, and there was 
no apparent benefit from thyroid extract in doses of from 0.05 Gm. daily, begin- 
ning June 12 and gradually increasing, to 1 Gm. daily by August 3. Daily injec- 
tions of merbaphen between September 17 and 21 were without effect. 

He remained at home in bed until Feb. 12, 1926, when he was admitted to the 
Fifth Avenue Hospital on account of massive edema of the extremities. On 
February 16, almost a gallon of ascitic fluid was obtained. Hot packs were tried, 
but were discontinued on February 25, when he developed bronchopneumonia. 
Recovery was uneventful. The patient was discharged improved but with con- 
siderable edema on May &. 

He returned to the Fifth Avenue Hospital on Oct. 4, 1926. He had not been 
out of bed since his discharge in May, and the swelling had varied somewhat, 
but was always pronounced. On admission, the blood pressure was 105 systolic 
and 65 diastolic. The optic fundi were pale, but otherwise normal. There was 
marked edema below the knees, and the abdomen was tense with fluid. He was 
given digitalis and thyroid extract (one tablet three times a day) throughout his 
stay, and was kept on a high protein, salt-free diet. On October 13, he was 


735 | 


736 ARCHIVES OF INTERNAL MEDICINE 


given a transfusion of 400 cc. of blood, and on October 29 some small tonsillar 
tags were removed under local anesthesia. He was discharged improved, but still 
considerably edematous, on Nov. 15, 1926. 

The patient remained at home in bed, feeling fairly well. His appetite was 
fair. He had no shortness of breath. The swelling remained unaltered for the 
most part. He was readmitted to the Fifth Avenue Hospital on Aug. 30, 1927, 
on account of the edema. He was pale and poorly nourished. The lower 
extremities were still extremely edematous and on September 1, 7 liters of 


TasLe 1.—Urinalyses in Case, from Records of Beth David and Fifth Avenue 
Hospitals 


White Blood 


Oells and Red 
Specific Epithelial Blood 
Date Gravity Albumin Cells Cells Remarks 
11/ 5/22 1.025 Positive 0 0 These analyses were recorded 
during a time when the pa- 
11/ 7/22 1.028 Positive Few 0 tient was markedly edema- 
tous, according 
11/ 9/22 1.080 Positive Granular 0 0 clinical notes. It 
known whether the sedi- 
0 ments were examined in 
freshly voided specimens 


1.018 Negative Clinical notes: “resolving” 
pneumonia; edema of face 


11/10/22 1.025 Positive 0 


Negative } During peritonitis; “patient 
eonsiderably edematous” 


8/20/23 1. Trace 0 


an few white moderate ton specific gravity 1.024 to 1.034 
9/25/25 1. +++ blood cell, ug. 31; 
few hya- then occasional 
jine ones; Sept. 2, 
moderate 


212/26 ..... 3to12G@m./L., Moderate None Feb. 20; specifie gravity 1.028 
to generally hyaline, to 1.088 
3/18/26 moderate 
granular 


10/ 4,26 1.014 4to10Gm./L., Heavy Oct. 8; specifie gravity 1.015 

to to generally hyaline, to 1.015, whieh is possibly 

11/15/26 1.019 sto” Many finely inaccurate owing to edema 
granular fluid 


6/11/25 1. | L. Few granular, Few to Me ex- Concentration test June 17: 
to 


8/30/27 1.010 6to7Gm./L. Hyaline +; Few Few noted Concentration test: specific 
to oO granular + in2exam- gravity 1.021 to 1.023 
11/10/27 1.01 inations 


ascitic fluid was withdrawn. Liver diet and manganese were given without effect 
on the anemia and on October 21 the patient received a transfusion of 500 cc. 
of blood. 

On Nov. 10, he was transferred to the Hospital of the Rockefeller Institute. 
According to his statement, at the time his legs were less than a third of their 
former size, and there had been a general decrease of the edema during the 
preceding six months. 

Physical Examination (by Dr. E. M. Mackay).—The general appearance was 
that of an undernourished boy of from 10 to 12 years of age, while the actual 
age was 18 years. The skin was pasty and sallow. The head was normal in 
shape. The ears presented no inflammation. The eyes were normal. In the 
mouth and piuarynx, the mucosa was pale, and the teeth were in poor condition. 
The pharynx did not show injection. The thyroid gland was not palpable. 
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There was a marked outward flare of the lower part of the thoracic cage, prob- 
ably as a result of the ascites. The diaphragm was evidently considerably 
elevated. No abnormal sounds were heard over the lungs. The maximum 
impulse of the heart was palpable in the fourth space 9 cm. to the left of the 
midline. Dulness extended 5 cm. to the right, and 8 cm. to the left, in the fourth 
space. Sounds were clear; no murmurs were heard. The radial pulses were equal 
and regular; the vessel walls were soft. Blood pressure was 108 systolic and 
78 diastolic. The abdomen was greatly distended from ascites. Numerous striae 
were present. None of the organs could be palpated. The genitalia were normal. 
There was first degree edema of the feet and ankles. The reflexes were normal. 


Taste 2.—Data Obtained from Records of Previous Admissions to Beth David 
and Fifth Avenue Hospitals: Blood Chemistry and Phenolsulphonphthalein Tests 


Urea Red Phenolsulphonphthalein 
Nitrogen, Blood = Excre- 
Mg. per Choles- Cells, First Second tion 
Date 100 Chiorides  terol* Cent Millions Hour Hour Total 
domes 306 8.68 
wane 0.57 180 
12.0 wih 


1: 


0 


4 


: 


10/22/27 
10/31/27 


* During observation at the Rockefeller Hospital the blood urea nitrogen was never above 
15 mg. per 100 cc. ‘The cholesterol varied between 167 and 510, and was generally above 300 mg. 
per 100 ce, 


There was definite, though slight, impairment of the renal function, as shown 
on the chart, anemia, and the low plasma albumin concentration characteristic of 
nephrosis. Teleoroentgenographic measurements of cardiac outline showed 
median right 4 cm., median left 5.5 cm. The total internal diameter of the 
thorax was 26.5 cm. The results of a quantitative study of the sediment of the 
urine by the method of Addis* were in entire agreement with the diagnosis of 
nephrosis. The Wassermann test was negative. 

He was placed on a low salt diet with 70 Gm. of protein daily, and there was 
a gradual decrease of edema as shown by the weight curve. Urea, in a dosage of 
from 10 to 20 Gm. daily, was given during the latter part of December, and 
intermittently thereafter. In February, 1928, the basal metabolism was found 
to be — 18, 


7. Addis, T.: The Number of Formed Elements in the Urinary Sediment of 
Normal Individuals, J. Clin. Investigation 2:409, 1926. 
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6/13/25 75 4.32 8 12 20 
6/15/B nas oo 12 25 87 
7/21/B 12 0.52 65 4.00 
1/25 il 0.54 78 4.72 
9/ 1/2 14 0.54 5.73 30 17 47 
9/10/25 12 0.52 230 
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There was a gradual diminution in the amount of edema over a period of 
several months. In September, a general examination revealed the following 
features: (1) marked pallor; (2) firm, nonpitting swelling of both ankles; (3) 
slight clubbing of toes; (4) no enlarged lymph nodes, except at the angle of the 
jaw; (5) optic fundi pale, but otherwise normal; (6) few remaining teeth in good 
condition; (7) pharynx clear; (8) thyroid not palpable; (9) lungs clear, bases 
descending 4 cm. on deep inspiration; (10) relative cardiac dulness normal; heart 
sounds of good quality, soft systolic murmur over apex, not transmitted, and well 
marked sinus arrhythmia; (11) liver, soft, smooth and palpable just below the 
costal margin on deep inspiration; (12) no evidence of ascites; (13) spleen not 
palpable; (14) slight genital hypoplasia. 

He was discharged on September 29, vastly improved, and remained at home 
with his activities much reduced, but was readmitted on Nov. 6, 1928, because of 
increasing edema of the legs. In addition to the edema, examination revealed 
occasional scattered rales in both sides of the chest. The liver edge was palpable 
on deep inspiration, and the spleen was indefinitely felt on deep palpation. 


TABLE 3.—Results of Tests (Addis) of Sediment of Twelve-Hour Urine 


White Blood Differential Count of Casts 
Red Cells and an = 
Specifie Blood Epithelial Epithe- Gran- 
Date Volume Gravity Cells Cells Hyaline lial ular Fatty 


20 


380 
480 
380 
680 
740 
660 
655 
684 
665 
395 
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At 8 p. m. on November 27, the patient had a chill, followed by a febrile rise 
to 105.6. Examination disclosed only slight tenderness along the left side of the 
abdomen. By the next morning, the abdominal pain had become generalized, and 
the temperature remained at 105.4. A diagnosis of general peritonitis was made. 
Operation was not performed, but on December 1 abdominal paracentesis yielded 
a thin, milky-looking fluid in which were many gram-positive cocci. Culture dis- 
closed a pure culture of hemolytic streptococci. 

The patient died on December 2, on the seventh day of the acute illness. 


COMMENT 


It is unfortunate that the early records of this case cannot be traced. 
Nevertheless, the history as given here agrees in its essentials with 
histories obtained from the patient’s mother at both the Beth David and 
the Fifth Avenue Hospitals, except that on one occasion the age of 
onset was given as 4 years. The story of recurring periods of edema 
and of the constant (?) presence of albuminuria is common to all the 
records, and in view of the course of the disease, the absence of hyper- 
tension, the later clinical picture and the observations at autopsy, it 
would be difficult to imagine that the earlier attacks were due to 
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glomerulonephritis. Furthermore, the records of the examinations of 
the urine show that albuminuria was constant, except at two observations, 
both of which may be doubted because the clinical notes state clearly 
that edema was present. Rare red blood cells were said to have been 
seen on only four occasions in the many examinations made. The urine 
was not examined for doubly refractile lipoid bodies prior to November, 
1927, but they were found present in large numbers on every examina- 
tion thereafter. 

The treatment of this patient is not without interest. From the 
onset of the disease until March, 1926, when he was 15 years old, he 
was on a low protein diet. The change to high protein diet at this time 
was without demonstrable effect, but as we do not know how much 
the protein intake was restricted, nor how much it was later increased, 
conclusions are not justified. During the last year of the patient's life, 
the edema decreased while he was on a high protein diet (120 Gm. daily), 
but urea was given successfully as a diuretic at the same time, and the 
plasma albumin did not increase until the daily loss of protein in the 
urine had decreased somewhat. Thyroid extract was tried repeatedly 
and in doses up to 1 Gm. daily without effect. Merbaphen, theobromine 
sodium salicylate, digitalis, calcium chloride, pituitary extract and urea 
were tried repeatedly. On one occasion, a diuresis started coincident 
with digitalis medication, and the good effect of urea and of calcium 


chloride on the urine output was definite. Other medication was entirely 
without effect. 


Foci of infection were sought for, and the records showed that the 
tonsils and adenoids were removed in July, 1923, October, 1926, and 
April, 1928. No focus was ever found in the paranasal sinuses. The 
teeth were badly decayed and were removed one by one until few 
remained at the time of death. The patient recovered completely from 
an attack of pneumonia in 1923, and bronchopneumonia in 1925. At 
an operation for appendicitis in 1923, pus was found in the abdominal 
cavity. There was no apparent relationship between any of these infec- 
tions and the course of the disease. 

The general development of the patient, it has already been noted, 
was not commensurate with the actual age. The general bodily con- 
formation and the secondary sex characteristics were those of a boy 
of from 12 to 14 years of age. This is not remarkable in view of the 
fact that for almost the first fifteen years of life his diet must have 
been greatly deficient in protein, and the developmental delay cannot in 
this case be considered as a specific effect of the disease, as is thought 
to be the case in examples of so-called renal dwarfism. Furthermore, 
x-ray pictures showed that in our patient, the skeletal development was 
normal for his age. 
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Although anemia is not ordinarily encountered in nephrosis, refer- 
ence to the tables shows that our patient had a secondary anemia which 
was at first only slight, but which gradually became more severe. It is 
especially to be noted that although the erythrocytes occasionally fell 
to low levels, there was, in general, no indication of deficient erythro- 
poiesis in spite of the two factors of disease and prolonged restricted 
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Graphic record of the weight and the results in examinations of the blood and 
the urine of a patient with lipoid nephrosis. 


diet during the period of growth. During his stay in the Rockefeller 
Hospital, the hemoglobin showed a steady decline in spite of a high 
protein diet including eggs, and the additional administration from 
March 5 to May 19, 1928, of six vials of liver extract daily, representing 
600 Gm. of fresh liver. The red count increased from 4,030,000 to 
4,800,000 while the patient was receiving liver extract, but in September, 
four months after its discontinuance, and at a time when the hemoglobin 
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values were lowest, the red count was found to vary from 4,950,000 
to 5,600,000. These latter determinations were checked by two 
observers, using different pipets and counting chambers and taking blood 
from either the finger or the ear. The increase in hemoglobin between 
September and November, 1928, is attributed to the use of pills of 
ferrous carbonate, U. S. P. (0.3 Gm. three times daily) from September 
14 to 28 and trom November 6 to 28, and was accompanied clinically 
by a definite improvement in the patient’s color. 

There has been much discussion, especially in the German literature, 
over the question of the secondarily contracted kidney of nephrosis 
(Munk ; * Lowenthal; * Volhard and Fahr *), and it has apparently been 
established that such cases do occur. We wish merely to call attention 
to the fact that in this case of such long duration, there was no clinical 
evidence of secondary contraction of the kidney, as there was no accom- 
panying hypertension, cardiac enlargement or retention of nitrogen. 

It is likely that a great many cases reported as * 
in reality cases of glomerulonephritis accompanied by great tubular 
degeneration, edema, low plasma proteins and the other signs of 
nephrosis, and distinguished from pure nephrosis only by the presence 
of slight hematuria. Addis * showed that normal persons may excrete 
as many as 425,000 erythrocytes in the urine in twelve hours, and did 
not consider any count as significant of glomerulonephritis unless the 
excretion is above 1,000,000. In eleven such counts of the sediment 
ot the urine in this case, none of them gave any evidence that there was 
any glomerular lesion. Furthermore, the phenolsuphonphthalein tests 
showed no great reduction in function, and what is perhaps of even 
greater significance, the test for blood urea clearance showed that this 
was never greatly depressed below the low normal value of 80 per cent, 
and was for most of the time well above normal. 


‘pure nephrosis” are 


8. Munk, F.: Zur Pathogenesis der nephrotischen Schrumpfniere, Virchows 
Arch. f. path. Anat. 226:81, 1919. 


HAY-FEVER 


THE IMPORTANCE OF SUBSTANCES OTHER THAN POLLEN IN THE 
ETIOLOGY; THEIR INFLUENCE ON SEASONAL CURE * 


MILTON B. COHEN, M.D. 
AND ‘ 
J. A. RUDOLPH, M.D. 
CLEVELAND 


In spite of the advances in the preparation of potent pollen extracts 
and in the methods of their administration, there are still patients with 
hay-fever who get practically no relief from their symptoms following 
preseasonal treatment. The percentage of patients in this group varies 
from 5 to 10. All others fall into two classes which are about equal 
in number; namely, those who get complete relief and those in whom 
marked relief is obtained. 

While the use of filtered air’ in addition for a few hours a day 
makes complete relief practical for the patients in the partially relieved 
group, and produces marked relief even in those who were previously 
in the total failure group, intensive study has shown that many in these 
two classifications can be transferred to the complete relief group by 
attention to various factors that have been pointed out before but are 
not generally stressed. 

In 1928, one of us (M. B. C.*) listed the causes for, failure as fol- 
lows: (1) incorrect diagnosis, (2) inadequate or improper treatment, 
(3) inability of the patient’s body to develop a tolerance to pollen fol- 
lowing injections of pollen extract and (4) contact with unusually large 
doses of pollen. 

In discussing incorrect diagnosis, it was stated that “Sometimes there 
is a coexisting sensitivity to some substance other than the pollen 
which may exacerbate the symptoms during the hay-fever season.” 
Further consideration of this point has led us to the belief that failure 
to discover and eliminate these extra factors has been responsible for 
the majority of failures to obtain relief by specific methods. 


* Submitted for publication, Oct. 10, 1929. 

*From the Asthma and Hay Fever Clinic. 

1. Cohen, Milton B.: Further Observations on the Use of Filtered Air in 
the Diagnosis and Treatment of Allergic Conditions, J. Lab. & Clin. Med, 13:963 
(July) 1928. 

2. Cohen, Milton B.; Reicher, Jacob, and Breitbart, Joseph: The Causes of 
Failure in the Treatment of Hay Fever, Ohio State M. J. 24:452 (May) 1928. 
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Both Vaughan * and Balyeat * discussed some of these factors. The 
latter, particularly, has reported a study of 719 cases of uncomplicated 
seasonal hay-fever and has found only 47.9 per cent of patients sensitive 
to pollen alone. 

For the purpose of this study, we have divided 100 patients with 
hay-fever, seen consecutively, into two clinical groups: the simple sea- 
sonal, 70 per cent, and the complex seasonal, 30 per cent. All the 
patients have been treated for at least two seasons. Those in the simple 
seasonal group present the typical history of fall hay-fever, the upper 
respiratory symptoms characteristic of the disease occurring only during 
the ragweed pollinating season. In the complex seasonal group we have 
listed only patients who have typical symptoms during the pollinating 
season of the ragweed but whose condition does not clear up completely 
after the first frost and who continue to have mild symptoms periodically 
throughout the vear. 


Seasonal Perennial 
Symptoms: Symptoms: 
Sensitive to 70 Cases 30 Cases 


Ragweed 
Ragweed only 
Other pollens. 
Orris root... 
Epidermals . 


Here it must be emphasized that all of the 30 per cent in the complex 
group would be included in the simple group unless careful histories 
were obtained. In most patients, the extraseasonal symptoms were 
mild, varying from a few sneezes on arising to a tendency to colds and 
attacks of so-called bronchitis. In none were the symptoms of a severity 
comparable to those during the hay-fever season. These patients are 
not to be confused with those having perennial hay-fever with slight 
increase in symptoms during August and September. 

All of these patients have been subjected to routine skin tests with 
thirteen pollens, the common epidermal proteins, orris root, cottonseed, 
kapok, flax, glue, silk, stock and autogenous house dusts, extracts of 
molds, June fly and foods. Attempts have been made in each instance 
to determine clinically the relation of the clue obtained by the positive 
skin test to the patient’s symptoms. The accompanying table shows 
the sensitivities of these patients. 


3. Vaughan, W. T.: Pollinosis: Constitutional and Local Factors, Arch. 
Int. Med. 40:386 (Sept.) 1927. 

4. Balyeat, Ray M.: Secondary Factors in Uncomplicated Cases of Seasonal 
Hay Fever, J. Lab. & Clin. Med. 14:617 (April) 1929. 
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It will be noted at once that only thirty-four of the seventy simple 
cases, or 48.5 per cent, are pure ragweed cases and that in thirty-six, 
or 51.5 per cent, there are sensitivities to other substances of clinica! 
importance even though the symptoms are present only during the pol- 
linating season of the ragweed. In the complex group, not one patient 
was sensitive to ragweed alone. It is of further interest that the sub- 
stances most commonly complicating the ragweed sensitivity are air 
borne. They will be discussed in the order of their frequency. 


CAUSES OF HAY-FEVER 

Other Pollens—In northern Ohio, the pollens of lamb’s quarters 
and of English plantain are the most common complicating factors. 
They are, however, the most simple to overcome, since the plants are not 
abundant and the pollen concentrations of the air are low. Ordinary pre- 
cautions against pollen such as_ the avoidance of outdoor sports, automobile 
and train trips and sleeping in closed rooms or those ventilated with 
filters, solve most of the problems during the season when the pollens 
are first suspected of being complicating causes. Before the next season 
it is advisable to desensitize the patient to them as well as to the pollens 
of the ragweeds. 

Dusts—The next most common inhalant cause is in reality a group 
of substances. Samples of dust are obtained by means of muslin bags 
and a vacuum cleaner from beds, bedding, rugs, upholstered furniture 
and other sources of dust, each sample being obtained separately. The 
samples are extracted in Bernton’s fluid, filtered and used for testing 
by the scratch method. The reacting substance is probably a mold or 
some other type of organism which contaminates the furniture from 
which the dusts are obtained. As evidence for this belief, we have 
the histories of a number of patients who were sensitive to extracts of 
the dusts from the mattresses on which they slept, but who did not 
react to cotton or cottonseed. The conditions cleared up when new 
cotton mattresses were substituted for the old ones, but all the patients 
had recurrence of symptoms after a few months. At this time the new 
mattress, previously harmless, contained a reacting material, and relief 
was obtained in each case by covering the mattress with rubber sheeting. 

The allergen in these cases * is not to be confused with house dust 
atopen as described by Coca,® since he repeatedly stated that unconcen- 
trated extracts as prepared by him never give positive reactions by the 


5. Cohen, Milton B.: Asthma Due to Household Articies, J. Lab. & Clin. 
Med. 14:837 (June) 1929. 

6. Coca, A. F., and Milford, E. L.: Additional Notes on the Preparation of 
the Fluid Extracts and Solutions for Use in the Diagnosis and Treatment of 
Atopic Conditions, J. Immunol. 15:1 (Jan.) 1928. 
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scratch method and that sensitivity to them can be determined only by 
intracutaneous testing. We are also fairly certain that the allergen is 
not identical with that of any of the common household materials such 
as wool, feathers, animal danders, orris root, etc. Its exact nature is 
unknown at present and further work is being done in an attempt to 
identify it. 

Patients with sensitivity for dust complicating ragweed hay-fever 
have the sources of the allergen in t!. ir environment determined. If 
covering a mattress and pillow with rubber sheeting eliminates the con- 
tact, then that is all that is required. If, however, the living room 
furniture contains the substances or the patient must sleep in different 
beds because of the nature of his occupation, desensitization must be 
resorted to. This is usually successful. It is our custom to bring these 
patients to a relatively high level of tolerance by rapidly increasing the 
doses of the material injected, at any time of the year, and then to 
maintain the level by monthly or twice monthly injections. The main 
object is to have the tolerance high during the ragweed season. 

The following cases illustrate these points very well. 


Case 1—Mrs. B. C., aged 28, complained of hay-fever of the fall type com- 
plicated by asthma at the peak of the season for the past three years. There were 
no nasal or respiratory symptoms except in the period between August 15 and 
October 1. During the first season, she received coseasonal treatment with ragweed 
pollen without relief. During the second season, she used a Pollenair filter, but 
in spite of the pollen-free room for sleeping purposes, she still had symptoms. 
This result led us to search for a complicating cause, which was found in the dust 
from the mattress on which she slept. The mattress was covered with rubber 
sheeting. The attacks have been controlled ever since, and in 1929 a 100 per cent 
result was obtained from preseasonal desensitization. 

Case 2.—B. F., aged 50, was first seen in September, 1925, during an acute 
attack of hay-fever and asthma. Skin tests at that time were strongly positive 
to the pollens of grasses and ragweed and to orris root. The patient was placed 
in the hospital in a pollen-free room for one week, during which time the symp- 
toms cleared up. In 1926, preseasonal desensitization with ragweed pollen extract 
was attempted. A dose of 0.5 cc. of 1: 100 dilution was reached on August 12, 
but symptoms began on August 20 and were fairly severe. Orris root was 
removed from her environment and a pollen filter was installed in her bedroom. 
Still the symptoms did not disappear completely, although they were mild. In 
1927, there was a repetition of the preseasonal treatment and of partial residence 
in filtered air, again without complete relief. It was at this time that she was 
tested to dusts obtained from her own mattress. A large reaction was obtained. 
The mattress was covered with rubber sheeting, and all symptoms disappeared 
promptly. After Sept. 1, 1927, there was complete relief. In 1928, complete 
relief was obtained again, this time by preseasonal treatment with ragweed pollen 
and the avoidance of contact with orris root and mattress dust. 


Orris Root.—Orris root is one of the most common substances with 
which the mucous membrane of the average person comes in contact. 
It is used rather extensively in the manufacture of face powders, face 
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packs, astringent packs, cleansing creams, bath powders and bath salts. 
In addition, the oil is used in many perfumes and scented soaps. Since 
the women of the United States spend about $250,000,000 yearly for 
cosmetics, contact with orris root can scarcely be avoided. It is there- 
fore necessary to desensitize the average patient. As in the case of 
patients sensitive to dust, the desensitizing injections are begun at any 
time of the year and are carried rapidly to a peak, which is maintained 
by monthly injections of the largest dose reached. The treatment with 
ragweed is carried out in addition in the usual manner, as can be seen 
from the record of case 642, given here as case 3. 


Case 3.—Miss G. C., aged 35, was first seen in 1927. She had had fall hay- 
fever for the past three years. During the winter of 1927-1928, there had been a 
tendency to colds with occasional morning sneezing and slight itching of the roof 
of the mouth. These symptoms were not troublesome and information concerning 
them was elicited only by careful questioning. She considered herself to be per- 
fectly well during the winter. Skin testing revealed the following positive reac- 
tions: short and giant ragweed, 10 plus; timothy and other grasses, 1 plus; 
orris root, 4 plus; pyrethrum, 2 plus; kapok, 2 plus; cottonseed, 1 plus; several 
foods, 1 plus. ; 

Treatment was begun on June 19, 1928, with ragweed pollen extract, a dose of 
0.15 cc. of 1:20 dilution being reached on August 20. In spite of this relatively 
large dose which was tolerated without any systemic reaction, symptoms began 
during the last week in August, when there was an average ragweed concentration 
of 180 pollen per cubic yard of air. The end-result was estimated at about 
60 per cent relief, obviously not a result of which to be proud. An injection of 
0.1 cc. of 1: 100 dilution of ragweed extract was given once a month through- 
out the winter, and orris root desensitization was begun on Sept. 25. On 
December 1, a dose of 0.1 cc. of 1: 100 orris root was reached. This and the 
same dose of ragweed were continued once monthly until June 11, 1929, when the 
doses of ragweed were increased at weekly intervals until 0.5 cc. of 1:20 ragweed 
was reached. The positive foods were removed from the diet and the mattress 
was covered with rubber sheeting. During the 1929 season, there was complete 
relief. 

Case 4.—Miss E. M., aged 18, was first seen on July 30, 1928. She had had 
fall hay-fever for seven years without winter symptoms, except for a slight 
tendency to “colds.” In 1926 and again in 1927, she had preseasonal treatment with 
ragweed pollen by a capable allergist with only partial relief. Skin tests revealed 
reactions to the following substances: grass pollens, 3 plus; short and giant 
ragweed, 1 plus; orris root, 2 plus; stock mattress dust, 3 plus; patient’s mattress 
dust, 10 plus; bedroom rug dust, 3 plus; dining room rug dust, 1 plus; couch in 
living room dust, 10 plus; sun room chairs dust, 4 plus. 

Ragweed desensitization was begun immediately, and a dose of 0.15 cc. of 
1:20 dilution was reached on August 18. Attempts were made to avoid orris 
root, the bedroom was freed from the offending dusts, and the other furniture 
containing the reacting dust was avoided by the patient. The result was estimated 
at 70 per cent, as there were symptoms during the week of the peak of the 
ragweed pollination. On October 13, orris root desensitization was begun, and on 
November 17 dust desensitization was started in addition. High concentrations 
of each were reached by June, 1929, when the treatment with ragweed was 
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recommenced. On August 18, a dose of 0.1 cc. of 1:20 extract was reached. In 
1929, the result was 100 per cent satisfactory; there were no symptoms. In 
addition, the patient had no “colds” during the preceding winter. 


Epidermal Proteins —In our experience, feather proteins are not 
as important in the etiology of hay-fever and of asthma as has been 
noted by others. We find, for example, that when our feather extracts 
are made from new feathers, reactions are small and few. When, 
however, we obtain used feathers from feather renovating plants, our 
extracts give large and frequent reactions, The latter reactions are due 
to some contaminant in the feathers, which so far as we have been able 
to determine, seems to be identical with the reacting substance called 
by us mattress dust. We therefore use feather extracts made from 
new feathers and believe that this accounts for the differences between 
our results and those published by other observers. Rabbit hair is a 
much more common offender than the other animal hairs because it is 
used more extensively, although all animal hairs may be allergens. 

When patients with hay-fever give reactions to any epidermal pro- 
teins, an attempt is made to free the patient’s environment from the 
suspected material. This usually suffices, but if avoidance is difficult, 
desensitization must be attempted. 

Foods.—Almost any food may be a complicating factor in seasonal 
hay-fever. It is a safe procedure to eliminate any foods giving positive 
skin tests or suspected from the history to be a cause of symptoms from 
the diet during the pollinating season of the ragweed. 


Miscellaneous.—Several other substances are occasionally of clinical 
importance, as may be seen from the accompanying table. Cotton, kapok, 
flax and silk are present in everyone’s environment, and patients having 
clinical symptoms caused by them must be desensitized. 

June fly as a cause of hay-fever is a distinct factor in the region 
of Lake Erie. A complete report on this subject has been made 
by Figley.’ 


SUMMARY AND CONCLUSIONS 


A review of the histories of 100 patients with ragweed hay-fever, 
seen conseeutively, reveals that 30 per cent have very slight symptoms 
at other times of the year which are generally overlooked by the patient 
and the physician. All of these patients gave reactions to some sub- 
stance other than ragweed pollen. Among the 70 per cent with seasonal 
symptoms, only thirty-six were sensitive to some substance other than 
ragweed pollen, so that only 34 per cent of so-called ragweed hay-fever 
is uncomplicated by other sensitivities. It is significant that the per- 
centage of complete relief following preseasonal treatment is around 


7. Figley, Karl D.: Asthma Due to the May Fly, Am. J. M. Sc. 178:338 
(Sept.) 1929, 
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40, and a check of our records shows that the large majority of com- 
plete seasonal cures in our cases were obtained in patients sensitive to 
ragweed alone. Discovery of the complicating sensitivities, the elimina- 
tion of contact with them or desensitization to them results in complete 
seasonal cure in the majority and marked benefit in all other cases. 
There are no complete failures as in previous years. Experience demon- 
strates that the care of allergic patients is a complex problem requiring 
cooperation between physician and patient in intensively studying 
each case as an individual problem. It is desirable to have patients with 
hay-fever under treatment during the entire year, so that complicating 
factors may be discovered and eliminated before ragweed desensitization 
is begun. 


10616 Euclid Avenue. 


LIPOID NEPHROSIS OF UNUSUAL DURATION 


zi. PATHOLOGIC-ANATOMIC REPORT * 


WILHELM EHRICH, M.D. 
NEW YORK 


It is my object to present in this paper the pathologic-anatomic 
changes in a case of lipoid nephrosis which furnishes a valuable con- 
tribution not only to the question of the terminal stage of this disease 
but also to other questions. When speaking of lipoid “nephrosis,” | 
am fully conscious of the inadequacy of this term. -\schoff ' was right 
to deduce that this term is incorrect and should be replaced by lipoid 
“nephrodystrophia” or “nephropathia.” If here, nevertheless, the term 
“nephrosis” is used, it is done not only because it is generally accepted 
by the clinicians, but especially because it is not proved whether this 
disease is of a purely degenerative nature, as is supposed by Volhard 
and Fahr ? and Munk,*® or whether it is an inflammation to begin with, 
as 1s believed by Aschoff,* Schlayer * and Bohnenkamp.® Aschoff sup- 
ported his opinion mainly by the fact that in all slides of genuine 
nephrosis presented to him by Volhard, he found changes in the 
glomeruli which indicated older inflammatory processes. Furthermore, 
he ascribed to the epithelial cells defensive properties which he believed 
to be the essence of inflammation. Bohnenkamp, who followed similar 
ideas, relied mainly on the Uranium experiments of Suzuki.’ 


* Submitted for publication, Nov. 14, 1929. 

*From the Hospital of The Rockefeller Institute for Medical Research. 
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The number of cases reported in which the patients have come to 
autopsy is still small and may not exceed from twenty to thirty. In 
all, the duration was from a few months to three years. In my case 
the condition lasted tor about seventeen years, and the patient was under 
continuous clinical control during the last six years. Before discussing 
the case, I shall report the observations. .\s the clinical part has been 
reported in detail by Johnston and MacWay,* I shall call attention only 
to the important points of the clinical observations. 


REPORT OF CASE 


History —M. M., a man, aged 19, had had attacks of edema of from two to 
three weeks’ duration at least every year, and usually more often, since the sixteenth 


Fig. 1.—Longitudinal section through the right kidney after Jores fixation. 


month of life. In January, 1923, he had pneumonia, in July of the same year, 
* and in February, 1926, broncho- 
pneumonia. During the last six years, there were recurring periods of edema and 
oliguria. The amount of albumin was 1.4 per cent. In the sediment casts, fatty 
epithelial cells, leukocytes and many doubly refractile lipoid bodies, were observed. 
Rare erythrocytes were said to have been seen, but on only four of the many 


appendicitis with “pus in the abdominal cavity,’ 


examinations made. No cardiac enlargement was noted, no retention of nitrogen 
and no increase in the blood pressure. There were no symptoms of syphilis. On 
Nov. 27, 1928, the patient developed symptoms of diffuse peritonitis and died on 
Dec. 2, 1928. 

Autopsy —Only a partial autopsy was permitted. This was performed about 
two hours after death. The body was that of a fairly well nourished man, showing 
no rigor mortis but a slight livor mortis. The body showed marked edema of the 


8. Johnston, C., and MacKay, E. M.: Lipoid Nephrosis; Report of a Case of 
Unusual Duration, Arch. Int. Med., this issue, p. 734. 
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legs and face. The peritoneal cavity was opened through a small incision and was 
found filled with about 2 quarts of greenish, purulent fluid (Streptococcus hemo- 
lyticus peritonitis. 

The kidneys were large and pale; each weighed about 300 Gm. The capsule 
stripped easily. The surface was pale yellowish and was smooth, with indica- 
tions of fine, light violet depressions. Cross-section showed the cortex much 
enlarged, measuring from 9 to 20 mm. It was pale vellowish and contained fine, 
light violet striae radiating inward from the capsule (fig. 1). The cortex was 
iairly well marked off from the medulla. In the pelvis a few hemorrhages were 
seen. 

Microscopic Examination—The normally more uniform cortical structure had, 
in most places, been replaced by broad striations radiating inward from the 
capsule to the medulla (fig. 2). A narrow, light, subcapsular zone was joined by 


Fig. 2—Low magnification showing the grossly striated structure of the cortex. 
Iron-hematoxylin-eosin; 5. 


an irregular zone which was similar to the usual cortical structure. From here, 
broad, light colored areas, separated by narrow, dark striae, converged toward the 
medulla. 


Under higher magnifications, the lighter parts were seen to correspond mainly 


to enlarged tubules, the character of which as major pieces was still distinct in 
many places (fig. 3). These tubules were lined partly by greatly swollen and 
vacuolated or fatty degenerated epithelial cells which in some instances entirely 
closed the tubules, and partly by epithelial cells which had undergone considerable 
hyaline droplet-like degeneration (fig. 4). For the most part, these vacuolated 
and hyaline droplet-like degenerated tubules lay alternating side by side. In other 

9. The term “major pieces” refers to the convoluted tubules lined by large 
epithelial cells in contradistinction to the tubules lined by small epithelial cells, 
which are designated as minor parts. 
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places they had a more localized distribution. In some instances they passed over 
into each other. It should be mentioned that the hyaline droplet-like degenerated 
tubules were located in the half of the cortex next to the medulla. The epithelial 
cells, mainly of the hyaline droplet-like degenerated major pieces, frequently con- 
tained pyknotic nuclei or had lost them entirely. In many places the epithelial 
cells were desquamated. In such places one found signs of regeneration. Gaps 
in the epithelial layer were covered by epithelial cells which resembled endo- 
thelium (fig. 3) and contained karyokinetic figures here and there. In the 
basal parts of the epithelial cells one saw nearly everywhere fine fat globules, 


; 


Fig. 3.—Partly hyaline droplet-like, partly fatty or vacuolated degenerated 
major pieces (convoluted tubules). In the lumina of the tubules is mainly coagu- 
lated protein. Regeneration in a gap of the epithelial layer (a). The interstitial 
tissue is well preserved. Iron-hematoxylin-eosin; x 160. 


most of which were doubly refractile. Within the lumina of the tubules one found 


coagulated protein, some desquamated epithelial cells, and in some places also 
polymorphonuclear leukocytes. In the hyaline droplet-like degenerated major pieces 
one saw also hyaline drops within the lumina. The minor parts of the light parts 
of the cortex contained fairly large numbers of casts, which increased in number 
toward the medulla. The interstitial tissue of these parts of the cortex appeared 
to be normal in most places (fig. 3). 
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Whereas the histology of the light parts of the cortex was fairly uniform, 
that of the dark parts was more irregular. Here the interstitial tissue was fre- 


quently increased in amount and contained increased collagenous connective tissue. 


One saw occurring infiltrations of small, round cells which in part adjoined 
hyalinized glomeruli (fig. 5). In other places, the interstitial tissue was swollen 
and contained polymorphonuclear leukocytes, many of which were seen entering 
the tubules. Everywhere in the interstitial tissue of the dark parts of the cortex 
one often found large, xanthoma-like cells (fig. 6), which were stained yellowish 
by sudan and which were doubly refractile. The tubules of the scarred parts 


Fig. 4—Extensive hyaline droplet-like degeneration of major pieces. Gram 
stain; 160. 


were in all stages of atrophy and degeneration up to entire disappearance. Their 
epithelial cells were not, or only very little, enlarged, and were much more 
desquamated than those of the light part of the cortex. Many of them contained a 
large amount of fat, which was irregularly arranged. Occasionally one saw signs 
of regeneration. In some places one found calcified casts. 

The number of glomeruli appeared to be much decreased, but this decrease 
seemed to be only relative, caused mainly by the enlargement of the kidneys. Most 
of the glomeruli were located in the dark parts of the cortex. Fifty per cent of 
the glomeruli—500 were differentiated—were well preserved (fig. 6), some being 
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Fig. 5.—Scar with two completely hyalinized glomeruli (a). 
Degenerated tubule with a few surrounding 


an infiltration of small, round cells. 


3etween them is 


polymorphonuclear leukocytes (/)) is seen and (c) a small vein dilated with blood. 


Iron-hematoxylin-eosin; 160. 


Fig. 6.—Intact glomerulus well filled with blood (a). 
many xanthoma-like fat cells (>) are shown. 


In the interstitial tissue 


Iron-hematoxylin-eosin; & 160. 
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of normal size and some enlarged. The enlarged glomeruli contained, according to 
the method of Mertz,'° increased numbers of nuclei, but the increase corresponded 
In a few places one also found small 


to the increase in the size of the glomeruli. 
The loops of the well 


accumulations of endothelial cells in a single loop (fig. 7). 
preserved glomeruli were delicate and mostly well filled with blood. Occasionally, 
the glomerular spaces were dilated and contained coagulated protein. There was 
only little fat to be found in the covering cells of the glomeruli. In these glomeruli, 
inflation or adhesions of the loops, increased numbers of polymorphonuclear leuko- 
cytes or protoplasmic masses within the loops were nowhere to be found. There 
were no erythrocytes and no fibrin in any of the glomerular spaces. No hernia 
like descension of loops into the tubules was seen, nor were there adhesions of the 
glomeruli to the capsules. Neither were the epithelial cells of these glomeruli 
changed, except for the slight fatty degeneration already mentioned. 


te 
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Fig. 7—Enlarged glomerulus with a small accumulation of endothelial cells in 
160. 


a single loop (a). Elastica-van Gieson stain: 


The other 50 per cent of the glomeruli were in all stages of hyaline degenera- 
tion. They were localized in the scarred parts of the cortex, partly single and 
partly in small groups. One saw well preserved glomeruli, the capsules of which 
were concentrically thickened by a substance which stained red by van Gieson 
(fig. 8). Other glomeruli contained hyalinized loops, especially at the place ot 


entry of the vessels (fig. 9). These glomeruli were occasionally adherent to the 


A tew of these glomeruli showed a slight proliferation of the parietal 


capsule. 
About a third 


capsular epithelium (fig. 9), but there were no crescent formations. 
of the glomeruli were entirely hyalinized (fig. 5) and were sharply demarcated 
from the surrounding tissues. 


bei 


10. Mertz, A.: Ueber die quantitativen Zellverhaltnisse der Glomeruli 
Glomerulonephritis, Centralbl. f. allg. Pathol. u. path. Anat. 29:32! (1918). 
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Fig. 8—Concentric thickening of a glomerular capsule, poor in nuclei, with 
beginning hyalinization of the glomerulus at the place of entry of the artery. In 
the surrounding interstitial tissue there is an increased number of collagenous 
fibers (appearing dark in the photomicrograph). Elastica-van Gieson stain; « 160. 
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Fig. 9.—Advanced hyalinization of a glomerulus with a slight proliferation of 
Iron-hematoxylin-eosin; xX 160. 


the parietal epithelial cells (a). 
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The medulla was rich in collagenous connective tissue, which was swollen in 
places and contained some polymorphonuclear leukocytes and round cells. Ir 
the tubules of the medulla many casts were seen and in one place also a jew 
erythrocytes. The arterioles were well preserved. The larger arteries showed 
moderate degree of intimal hyperplasia. 


All amyloid reactions made were negative. 


COMMENT 

In a discussion of this case one has to consider first whether or 
not one is dealing with a genuine lipoid nephrosis. Under the ditferen- 
tial diagnostic point of view, there has to be considered only the sub- 
chronic glomerulonephritis of Volhard,*' with nephrotic tendency, i. e., 
the intracapillary form of Fahr.'? Munk ** especially called attention 
to the difficulties which frequently arise in differentiating late stages 
of “subacute glomerulonephritis” from nephrosts, anatomically. Both 
of them show the picture of large white kidney. Volhard,’* however, 
mentioned that in a subchronic glomerulonephritis one usually sees mac- 
roscopic hemorrhagic dots on the renal surface. Fahr '* even stated that 
small hemorrhages are invariably present. Such dots were entirely 
absent in the case herein reported. 

Microscopically, in subchronic glomerulonephritis, the glomerular 
lesions are outstanding. One finds enlargement and anemia of th 
glomeruli, enormous increase in number of the endothelial elements, 
adhesions of the loops and erythrocytes in the glomerular spaces. In 
this case, none of these changes were found. Most of the well pre- 
served glomeruli seemed to be entirely normal. It is true that a few 
glomeruli. showed increased numbers of nuclei and that, in single 
hyalinized glomeruli, slight proliférations of the parietal epithelial cells 
were seen, but these observations are in entire accord with the observa- 
tions of Fahr' and others, who stated that one finds them more fre- 
quently in later stages of lipoid nephrosis. The increase in the number 
of nuclei is, as Fahr believed, of a secondary inflammatory nature. If 
one takes into consideration that in this case the increase was not out 
of proportion to the size of the glomeruli, and that no other inflam- 
matory lesions were found, it is reasonable to assume that here the 
increase of nuclei was merely an expression of compensatory hyperplasia 
of these glomeruli. Unfortunately, little is known about the histolog, 
of compensatory hypertrophy and hyperplasia of the glomeruli, and it 


11. Volhard (footnote 2, first, second and third references). 


12. Fahr (footnote 2, first and seventh references). 


13. Munk (footnote 3, third reference). 
14. Volhard (footnote 2, second and third references). 
15. Fahr (footnote 2, seventh reference). 
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16. Fahr ({footrote 2, fourth, fifth and sixth reference). 
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seems to be necessary to study this question thoroughly before it can 
be discussed further. Concerning the proliferation of the parietal epi- 
thelial cells, which was observed in single hyalinized glomeruli, one may 
join Volhard,’* who considered it a plain reaction of the epithelial cells 
to the hyalinization. 

Furthermore, if the clinical observations are taken into consideration 
—I mention again only the absence of increase in blood pressure which 
is emphasized so much by Volhard '*—there can be no more doubt that 
in this case there was a genuine lipoid nephrosis. The occasional reports 
of the presence of erythrocytes in the urine cannot change the diagnosis, 
mainly because they are said to have been seen on only four of the 
many examinations made, and the accuracy of some of these examina- 
tions has already been questioned.’ Slight hemorrhages have been seen 
also by Volhard and Fahr '* and other observers. Fahr ** occasionally 
tound them within the tubules. According to him, they are small hemor- 
rhages from overcrowded capillaries caused by passive congestion. In 
the case herein reported, likewise, some erythrocytes were found, but 
in one tubule only, and there were also hemorrhages in the pelvis of 
the kidneys which may account for the occasional presence of erythro- 
cytes in the urine. 

It is well known that the question whether or not there is a genuine 
nephrotic contracted kidney is much disputed. \Whereas Munk ' and 
Fahr '’ stated the belief that the lipoid nephrosis leads to contracted 
kidneys, .\schoff,* Volhard '* and Herxheimer *° expressed great doubts 
concerning this theory. The two cases presented in the monograph of 
Volhard and Fahr ‘* and also the case of Mason *' cannot stand severe 
criticism. In spite of a duration of seventeen years, the patient in 
the case herein reported still had much enlarged kidneys. Although as 
a rule one case is of no great importance, one may be entitled to draw 
conclusions in this case, especially because it seems to be the only geriu- 
ine case of lipoid nephrosis of long duration ever observed. It seems 
to be certain that lipoid nephrosis can last indefinitely, in some cases at 
least, without leading to contracted kidneys. 

The cause of death in the case reported was peritonitis, so common 
in lipoid nephrosis. The organism, however, was not a pneumococcus, 
as is usually the case, but Streptococcus hemolyticus. 


17. Volhard and Fahr (footnote 2, first reference). 
18. Fahr (footnote 2, fourth and fifth references). 


19. Munk (footnote 3, second and third references). 


20. Herxheimer: Ueber den jetzigen Stand unserer anatomischen Kenntnisse 
der Nephritis und Nephropathien, Munchen. med. Wehnschr. 65:283, 1918. 

21. Mason, E. H.: The Life History of a Case of Nephrosis, Internat. Clin. 
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SUMMARY 
A case of genuine lipoid nephrosis has been reported in which the 
conditions lasted for about seventeen years and showed clinically as well 
as anatomically all the signs of this disease. 
Several questions concerning lipoid nephrosis have been discussed. 
As at autopsy the kidneys were still much enlarged, it seems to be 


doubtful whether true lipoid nephrosis leads to contracted kidneys. 
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For years the question of the amount of glycogen in the bundle oi 
His, as compared with the amount in the cardiac muscle, has been dis- 
cussed. The general impression, until recently at least, has been that 
the conduction system is comparatively rich in glycogen. This conclu- 
sion has been reached as the result of studies of microscopic sections 
with stains, especially Best’s carmine stain. When the work on which 
this idea was based is analyzed, however, one feels that with the inac- 
curate staining methods employed the question has hardly been settled. 


REVIEW OF SIGNIFICANT LITERATURE 

3est.' in 1903, published the results of a study on glycogen and 
described a method of staining which he considered to be fairly specitic 
for glycogen. He found that a carmine stain of unknown chemical 
composition was taken up by certain granules present in the fixed tissues 
of the liver, of striped muscle, of tumors and of inflammatory lesions. 
These could be demonstrated also with iodine and were dissolved by 
saliva and weak acids. He concluded that these granules contained 
glycogen, which was more or less loosely combined with proteins in a 
manner similar to the glycosides. Since then, other stains have been 
suggested for demonstrating glycogen in the tissues, but Best’s carmine 
has been considered the most reliable. 

Monckeberg,? in 1908, using staining methods, concluded that the 
fibers of cardiac muscle of human beings are always glycogen-iree in 

* Submitted for publication, Oct. 23, 1629. 

1. Best: Ueber Glykogen, insbesondere seine Bedeutung bei Entziindung und 
Eiterung, Beitr. z. path. Anat. u. z. allg. Path. 33:585, 1903. 
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YATER ET AL—GLYCOGEN IN BUNDLE OF Hls 701 


postuterine life, and that the amount of glycogen in the Purkinje fibers 
is variable, depending on the state of nutrition. There was no glycogen 
in these fibers when a patient was in a state of marked cachexia. 

Aschoff and Nagayo,* in 1908, having conceived the idea that pos- 
sibly the vacuolated appearance and clearness of the Purkinje fibers 
might be due to glycogen, determined by the staining method that the 
Purkinje fibers of the heart of the sheep, beef and calf contained much 
more glycogen than the muscle fibers. This applied to the entire con- 
duction system distal to the auriculoventricular node. In the pig’s heart, 
the reverse was true; the glycogen content of the Purkinje fibers was 
small. In thirty hearts of human beings fixed from five to twenty-four 
hours after death, the results were variable, but in eighteen, glycogen 
was not found in the fibers of the specific system; in nine a very small 
amount was found, and in only three a very large amount. It was the 
belief of these investigators that the Purkinje fibers do not contract 
with the cardiac muscle (shown later by Pick * to do so) and that, 
therefore, they do not need as much glycogen, and store it. In con- 
sidering this work, Marchand °® claimed that he was the first to point 
to the glycogen content of the Purkinje fibers in the heart of the horse, 
and that this large amount indicated the embryonal nature of these fibers. 

Arnold,* in 1909, suggested that the relatively large amount of 
glycogen in the bundle of His might be used to demonstrate it in 
sections. 

Engel,’ in 1910, examined the heart of a woman, aged 64, who had 
been cachectic. The auriculoventricular bundle contained abundant 


glycogen, but the cardiac muscle did not contain any. 

3erblinger,* in 1912, examined eighteen hearts of human beings 
fixed from one to five hours after death and stained with Best’s carmine. 
In five of them he found the glycogen to be of equal amount in the 
specific system and in the cardiac muscle; in five the amount was about 
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the same in both, in five it was present only in the fibers of the bundle. 
in one it was present only in the auricular muscle, and in two it was 
absent throughout. He maintained that in the healthy heart the muscle 
fibers frequently contained considerable glycogen, and that the auricular 
muscle contained much glycogen even when the remainder of the heart 
was found to be free of it. He did not believe that glycogen was neces- 
sarily absent in states of cachexia. 

In studying the relationship of the amount of glycogen to the amount 
of fat in hearts of rabbits, Lipska-Mlodowska,” in 1918, found. less 
glycogen demonstrable with stains than by the use of the chemical 
method. From this she concluded that estimation of the amount of 
glycogen, microscopically, is difficult and subjective. She contended, 
also, that the muscle fibers of the heart and the fibers of the bundle of 
His may store both fat and glycogen. 

Eisner,’ in 1926, compared the staining method with Pfluger’s 
chemical method, as a means of estimating the amount of glycogen, and 
found that the results corresponded fairly well. 

Arndt,"! in 1928, determined that the glycogen in the cardiac muscle 
is not diminished in cases of starvation in animals as it is in the liver 
and the voluntary muscles. 

Buadze and Wertheimer,* in 1928, apparently were the first to make 
quantitative chemical determinations of the glycogen in the conduction 
system as compared with that in the cardiac muscle. They had noticed 
that Best’s carmine stain often gave results which were contrary to the 
results of chemical estimation. They felt that the specific system, the 
main function of which is conduction, should not require as much 


glycogen as the contracting muscles. These investigators dissected out 
the main left bundle branches of the hearts of horses where they were 
subendocardial, near the apex, and determined the glycogen content by 
Pfluger’s method as compared with the glycogen content of muscle from 
the interventricular septum. In all cases the cardiac muscle contained 


9. Lipska-Mlodowska, Stephanie: Zur Kenntnis des Muskelglykogen und 
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much more glycogen than the specific system; the average ratio was 7: 1. 
This was true whether the tissues were examined half an hour or four- 
teen hours after death. They also tested the oxygen consumption of the 


specific system as compared with that of the cardiac muscle in three 


hearts, and found that the oxygen consumption of the latter was much 
greater. A natural conclusion from these studies was that the staining 
methods for determining the amount of glycogen in tissues is unreliable. 
The results of Buadze and Wertheimer were so surprising, in view 
of the conclusions of other investigators, that we were stimulated to 
verify the work. 
METHOD OF STUDY 


It was thought desirable to determine by chemical methods the amount of 
glycogen present in the bundle of His and in the cardiac muscle in man. Such 
data had never before been obtained. Two procedures were necessary: The bundle 
of His had to be dissected out carefully but quickly from relatively fresh hearts, 
and a chemical method had to be developed that would give accurate results with 
a few milligrams of tissue. By repeated efforts it became possible to dissect 
cleanly, from its so-called sheath, the main portion of the auriculoventricular 
bundle in a large percentage of hearts of adult subjects within a few minutes 
In some cases a large part of the right main bundle branch also could be isolated 
These tissues weighed only a few milligrams. All of these specimens were 
examined microscopically in order to ascertain that the bundle had actually been 
isolated. Every bundle that we examined chemically had been cleanly removed. 

Dissection—In the dissection, the central fibrous body and the membranous 
portion of the interventricular septum were opened carefully by a sharp-eye 
knife just above the attachment of the septal cusp of the tricuspid valve and 
just at the line of juncture of the membranous portion with the muscular portion 
of the interventricular septum. Figure 1 illustrates a cross-section of the bundle 
of His and gives an idea of the thinness of the so-called sheath that surrounds 
the bundle, as well as the relation of the bundle to the interventricular septum 
Once the point of the knife has entered this sheath it may be slit open, thus 
exposing the bundle. The bundle may then be dissected out with a blunt-pointed 
instrument, backward to the auriculoventricular node and forward to the point 
of division into the right and left bundle branches. Occasionally the right bundk 
branch, which is very small, may be dissected out as it runs downward in the 
interventricular septum to the base of the right anterior papillary muscle (fig. 2). 
The left bundle branch may also be exposed at times, but it is so flat and broad 
that it rarely can be removed. The bundle of His and its right branch grossly 
resemble nerves; they appear almost white and almost round on cross section. 
After we had examined a series of hearts of human beings, we studied hearts 
ot horses by a somewhat similar method. In the latter, it was found necessary 
to adopt the method of dissection used by Buadze and Wertheimer and originally 
described by Peterson?*® and by Schauder.1* It is almost impossible to isolate 


13. Peterson, G.: Ueber das atrioventrikulare Reizleitungssystem bei den 
Haussaugetieren, Arch. f. wiss. und prakt. Tierheilkunde 44:97, 1918. 
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Fig. 1.—a.v.b., cross-section of the bundle of His of the heart of the human 
heing showing the thinness of the sheath surrounding it; m.s., membranous por- 
tion of interventricular septum; i.v.s., muscular portion of interventricular sep- 


tum: (>< 20), 


Fig. 2—Right auricle and ventricle of the heart of a human being opened to 
The bundle of His and the right bundle 
the bundle of His; B, the right 


expose the interventricular septum. 
branch have been exposed by dissection. 4, 


bundle branch. 


py 
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the bundle of His in the heart of a horse as we did in the heart of human beings, 
ecause it is buried in the subaortic musculature. One must begin the dissection 
in two constant false chordae tendineae in the left ventricle which converge on the 
interventricular septum about midway between the apex and the aortic valves. 
\fter uniting, the Purkinje fibers of the two chordae flatten out subendocardially, 
ascend as a thin, flat, whitish bundle for a short distance, and then pass obliquely 
into the subaortic musculature as the main left bundle branch. We used thes: 
portions of the conduction system in the heart of the horse. The identity of the 
left bundle branch in the hearts of the horses was verified in each case by the 
nicroscopic sections stained with van Gieson’s preparation. There was always 
much more fibrous tissue in these specimens than in the bundle of His in the 


Fig. 3—Longitudinal section of left bundle branch of the heart of a horse, 
showing large amount of fibrous tissue. Cardiac muscle is seen on each side of 
the bundle (* 40). 


human being, which was evident macroscopically also. Perhaps from 20 to £0 
per cent of the left bundle branch of the heart of the horse is fibrous tissue 
(fig. 3), whereas only a small portion of the bundle of His in human beings is 
fibrous tissue. 


Chemical Analysis—One of us (A. E. 0.2%) undertook the development of 


a microchemical technic for the determination of glycogen by which quantitative 


and reproducible results could be obtained on tissues weighing about 10 mg 
This we feel has been successfully accomplished, and all of the quantitative 
15. Osterberg, A. E.: The Estimation of Glycogen in Small Amounts of 


lissue, J. Biol. Chem. 85:97, 1929. 
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analyses for glycogen reported in this article were done by this procedure. The 
details of the technic, with proof of its quantitative nature, will be fully presented 
elsewhere and only a brief résumé given herein. 

In a broad sense, the procedure was simply an application of microchemical 
technic to the Pfluger method, followed by the determination of dextrose by the 
new Folin microchemical method. A piece of tissue of appropriate size was 
quickly dissected out and placed in the bottom of a tarred glass-stoppered tube 
(6 by 100 mm.) containing 0.1 cc. of 60 per cent potassium hydroxide. The 
tissue was destroyed by heating in a steam bath at 100 C. for from two to three 
hours. For the precipitation of glycogen, 0.1 cc. of water and 0.4 cc. of alcohol 
were added; the contents were mixed by shaking and were allowed to settle for 
several hours. The tubes were then centrifugated, and the precipitate was washed 
successively by 0.3 cc. portions of 70 per cent alcohol, 95 per cent alcohol, 1:1 
alcohol-ether mixture, ether and petroleum ether. Removal of the supernatant 
solutions was carefully carried out by pipetting off the solutions by means of a 
capillary pipet having a curved tip, which did not disturb the precipitate. After 
removal of the remaining petroleum ether in the steam bath, 0.5 cc. of six 
tenths-normal hydrochloric acid was added and the solution hydrolyzed for three 


Tavce 1—Results of Chemical Analysis in One Heart of a Human Being * 


Time, Weight, Colorimeter Glycogen, 
Material p. m. mg. Reading per Cent 
2:50 6.3 24.2 O52 
3:00 8.2 18.1 0.52 
Cardiac Muscle... 3:05 8.7 17.9 0.54 
Cardiac muscie............. 3:10 9.5 14.2 0.58 
Cardiac muscle........ 3: 20 6.2 22.8 0.56 
3: 25 64 24.6 0.50 
Percentage difference between bundle and muscle 3.8 per cent 


* The patient died at 11:10 a. m.; necropsy was performed at 2:00 p.m. 


hours at 100 C. The entire solution or an aliquot portion, depending on the 
glycogen content, was transferred to a test tube graduated at 25 cc.; it was neutral- 
ized to litmus by the addition of 1 to 3 drops of fifth-normal sodium hydroxide, 
and the dextrose was estimated by the Folin microprocedure. A dextrose standard 
containing 0.03 mg. of dextrose was used. 


RESULTS OF STUDY 

Our material from twenty-one hearts of human beings was placed 
in 60 per cent potassium hydroxide at periods ranging from one hour 
and forty-five minutes to nine hours and fifty minutes after death. The 
result recorded for the cardiac muscle is the average of several estima- 
tions which checked closely. The value for the bundle of His was 
usually the result of only one estimation, because only a small amount of 
tissue was obtainable. The data in table 1 represent the results obtained 
in one case, which we took as a sample without reference to the figures. 

Table 2 shows that the ratio of the percentage of glycogen in the 
muscle to that in the bundle of His of the twenty-one hearts of human 
beings varied between 1:0.50 and 1:1.17, if the one ratio of 1: 1.75. 
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that apparently was an abnormal result, is excluded. Figure 4+ shows 
the probability curve of these ratios exclusive of the one just mentioned. 
The ratios were plotted on arithmetic probability paper. The ordinate 
represents the ratio, and the abscissa the percentage of observations 
The 50 per cent line crosses the ratio of 1:0.9; half the values were 
greater and hali were less than this. This indicates that the probable 
average ratio is 1:09, or that there is a little less glvcogen in the bundle 
than in the muscle. The figure also shows that 60 per cent of the results 
were between the ratios of 1:0.72 and 1: 1.06. 

Table 2 also shows that the amount of glycogen which remained in 
the cardiac tissues some time after death varies greatly. For instance, 


TarLe 2.—Compartson of Glycogen Content of the Muscle and of the Bundi. 
His of the Heart of Human Reings 


Time Elapsed Ratio 
Between Death of Percent- 
and Dissection Glycogen Glycogen in age of Glycogen 
- — in Muscle, Bundle of His, in Muscle 
Hours Minutes per Cent per Cent and Bundle 
0.42 0.21 
0.43 0.28 
0.18 0.12 
O89 
0.29 0.21 
0.52 O38 
0.31 
0.08 
0.26 
0.29 
0.19 
0.43 
O54 
0.37 
0.22 
0.67 
0.16 
0.77 
0.79 
O58 
O24 


3 
4 


in case 14 the cardiac muscle and the bundle of His obtained one hour 
and forty-five minutes after death contained 0.37 and 0.37 per cent of 
glycogen, respectively. In case 12, the tissues obtained nine hours and 
fifty-five minutes after death, contained 0.43 and O41 per cent of 
glycogen. In case 8, in which the tissues were obtained three hours and 
forty minutes after death, the percentages of glycogen were 0.08 
and 0.06. 

A comparison of the salient data in table 3 of the cause of death 
and the cardiac lesion with the percentage of glycogen in table 2 does 
not show correlation between the cause of death or the condition of the 
heart, on the one hand, with the amount of glycogen in the cardiac tis- 
sues or with the ratio of percentage of glycogen in the cardiac muscle 
and in the bundle of His. on the other hand. 
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The hearts of four horses were studied in a similar manner, but 
with the difference that it was possible to obtain the tissues soon after 
the animals died. Three were shot through the frontal plate of the 
skull with a 0.22 caliber rifle and a fourth died from an unknown cause. 
Although the animals that were shot were bleeding from the cut carotid 
arteries, the hearts were removed and the desired tissues were quickly 
dissected out. An appreciable length of time after the first specimens 
were removed, others were taken and tested to determine whether 


99.99 999 


Relative 


a 5 Px) 40 $0 60 7% 60 9 95 


Percentage cf observations 


Fig. 4+—Probability curve of the ratio of the percentage of glycogen in the 
muscle to that in the bundle of His. The curve is based on results obtained 
from twenty hearts of human beings. The results in one of the twenty-one 
hearts were excluded because they were obviously abnormal. The ordinates rep- 
resent the ratio; the abscissae, the percentage of observations. 


any change had occurred in the ratio of glycogen in the muscle and in 
the conduction system. It was possible, because of the large size of 
the left bundle branch, to check the results of the estimation of the 
glycogen in two or more samples each time. The data are given in 
table 4. 

It is seen that the tissue of the conduction system of the heart of the 
horse contains much more glycogen than the cardiac muscle, in spite of 
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Taste 3.—Salient Data Concerning Patients Whose Hearts Were Examined 


Age, 
‘ase Years Sex Cause of Death Cardiac Lesion 
1 60 M Cardiac decompensation with auricular Hypertrophy (702 Gm.) 
fibrillation aortic stenosis; chronic in 
farction of left ventricle 
Bronchopneumonia following prostatectomy None 
Subacute monocytic leukemia: cellulitis of None 
left orbit and face, and cerebral abscess 
Sudden death following years of dyspnea Coronary sclerosis with fi 
on effort brosis of myocardium and 
dilatation of left ventricle 
Septicemia following resection of carcinoma Terminal tricuspid vegetative 
of rectum sixteen days before death endocarditis 
Pyelonephritis and uremia following supra- Hypertrophy (543 Gm.) with 
pubic cystostomy eleven days before hypertension basis 
death 
Uremia (chronic pyelonephritis) and myo- Hypertrophy (685 Gm.) with 
cardial degeneration ; carcinoma of hypertension the probable 
prostate gland basis 
Pulmonary embolism eighteen days after None 
compression of chest 
General peritonitis following partial gas- None 
trectomy three days before death 
Bronchopneumonia following exploration for Hypertrophy (462 Gm.) ; 
carcinoma of stomach three days before basis unknown 
death 
Sudden death thirteen days after supra- Hypertrophy (430 Gm.): and 
pubic cystostomy; auricular fibrillation dilatation: thrombosis of 
right auricular appendage 
General peritonitis following ileocolostomy None 
for carcinoma of cecum twelve days be- 
fore death 
General peritonitis following resection for None 
carcinoma of rectum eight days before 
death 
General peritonitis following exploration of Coronary sclerosis 
carcinoma of colon three days before 
death 
Acute pseudomembranous enteritis following None 
gastro-enterostomy for duodenal ulcer 
three days before death 
Emaciation from carcinomatous obstruction Coronary sclerosis 
of cardia ; myocardial degeneration 
(symptoms for four years) 
Crushing of chest Laceration and rupture of 
both auricles 
Chronic healed hepatitis and pancreatitis Hypertrophy (460 Gm.) and 
(syphilitic?) ; cardiac decompensation dilatation 
Hepaticoduodenostomy for stricture of com- Fatty degeneration (severe) 
mon bile duct eight days before death 
Cholecystostomy for obstructive jaundice None 
from subacute pancreatitis seven days be- 
fore death 
Pyelonephritis with uremia following Hypertrophy (470 Gm.) 
cystostomy for carcinoma cf prostate 
gland twenty-two days before death; 
auricular fibrillation 


Tasl_e 4.—Comparison of Glycogen Content of the Muscle and of the Conduction 
System of the Heart of the Horse 


Ratio of 
Time Elapsed Percentage 
Between Death Glycogen in of Glycogen 
and Dissection Glycogen Conduction in Muscle 
W—_—_— — in Muscle, Tissue, and Con- 


Horse Mode of Death Hours Minutes per Cent per Cent duction System 
1 Shot ‘ 42 


2 Shot 


45 0.32 1:1.95 
2 55 O26 
2 0.79 1:3.04 
25 1.74 1: 5.44 
1 25 0.30 
1 25 ere 1.79 1: 5.96 
1 5.54 1: 9.39 
4 Natural death..... 25 0.07 
30 O71 1:10.10 
1 55 0.08 
1 O37 1: 4.63 
5 35 O44 1:5.50 
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the large amount of fibrous tissue present in the conduction system. 
The ratio varied from 1: 1.95 to 1:10.10. This was surprising in view 
of the ratio obtained from the study of the hearts of human beings, in 
which, in spite of the small amount of fibrous tissue present in the 
specific svstem, the ratio varied from 1:0.50 to 1:1.17. It was even 
more surprising when compared with the results of Buadze and 
Wertheimer, whose ratios were just the reverse of ours. 

The study of the glycogen content of the cardiac muscle and of the 
tissue of the conduction system of the hearts of horses at intervals after 
death showed that the glycogen disappeared rather slowly from these 
tissues. The results are equivocal in regard to which of the two types 
of tissue lose glycogen faster. The fact that the disappearance is slow, 
however, leads us to assume that the ratio determined for the hearts of 
human beings, a longer time after death, probably is not greatly different 
from the ratio existing soon after death. 


COMMENT 


We wish merely to report the results of our investigation of the ratio 
of glycogen in the muscle and in the tissues of the conduction system of 
the heart of the human being and of the heart of the horse as determined 
by a new microchemical technic. The results obtained are difficult to 
explain. Why in the heart of the horse there should be so much more 
glycogen in the conduction system than in the muscle whereas in the 
heart of the human being the percentage of glycogen in each of the two 
tissues 1s about the same, remains to be answered by further physiologic 
investigation. Neither can we explain the great discrepancy between 
the figures for the hearts of horses of Buadze and Wertheimer and ours, 
although we believe our method is more accurate and reliable. 


SUMMARY 

The ratio of percentage of glycogen in the muscle and in the tissues 
of the conduction system was determined by a new microchemical 
technic in twenty-one hearts of human beings and in four hearts of 
horses, 

The ratio of percentage of glycogen in the muscle and in the bundle 
of His of the hearts of human beings varied between 1:0.50 and 
1: 1.17, with the probable average ratio of 1:0.9. 

The ratio of percentage of glycogen in the muscle and in the radicles 
of the left bundle branch of the hearts of horses varied from 1: 1.95 to 
1:10.10, in spite of the much greater fibrous tissue content of the tissues 


of the conduction system in the horse. 
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Why there should be such a difference in this ratio between the 
heart of the human being and the heart of the horse cannot be explained 
at present. 

Glycogen disappears slowly both from the cardiac muscle and from 


the tissues of the conduction system in specimens which are first studied 
within a half hour after death (hearts of horses), but the percentage of 
glycogen in the hearts (both of human beings and horses) varies mark- 


edly without any ascertainable reason. 


EFFECT OF TONSILLECTOMY ON THE 


ATTACK OF RHEUMATIC FEVER 


ACUTE 


PRELIMINARY REPORT * 


WILLIAM H. ROBEY, M.D. 
AND 
MAXWELL FINLAND, M.D. 


BOSTON 


For a number of vears the tonsils have been considered by many as 
an important focus in the persistence of rheumatic infections. It is 
likewise a well recognized fact among clinicians that acute attacks of 
rheumatic fever and recurrences of these attacks are frequently ushered 
in by acute infections of the tonsils. Tonsillectomy is therefore fre- 
quently recommended to the sufferers from this disease with the hope of 
preventing these recurrences. For the same reason we have for a 
number of years recommended: enucleation of the tonsils during the 
acute attack of rheumatic fever in an attempt to determine whether or 
not a persistent infection could not be curtailed by removing this focus. 
We wish here to present briefly some of the results of our experience 
with this procedure over a period of five vears. 

In order to evaluate the effect of tonsillectomy as a therapeutic 
agent in the control of the acute attack of rheumatic fever, it was 
necessary to choose a group of patients that could be easily compared. 
lor this purpose we have selected from the entire group of patients 
suffering from diseases now included under the name rheumatic fever 
all those admitted to the Second Medical Service of the Boston City 
Hospital between Jan. 1, 1924, and Dec. 31, 1928, because of an acute 
attack of rheumatic polyarthritis. 

There were, in all, 165 patients. Or these, seventy-one were oper- 
ated on during their residence for acute polvarthritis, leaving ninety- 
four as controls. Among the seventy-one operative cases there was 
definite clinical evidence of activity at the time of the operation in fifty, 
as shown in table 1; the remaining twenty-one cases were apparently 
quiescent. Some of our patients had previously been subjected to ton- 
sillectomy, but about half of these had remains of tonsillar tissue (table 
2). Sore throats and tonsillitis were apparently a larger factor in our 


* Submitted for publication, Sept. 19, 1929. 
* Read before the Section on Practice of Medicine at the Fightieth Annua! 
Session of the American, Medical Association, Portland, Ore., July 12, 1929. 


*From the Second Medical Service, Boston City Hospital, and the Harvard 
Medical School. 
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operative cases than in those in which operation was not done (table 3). 
\ctive heart disease played a part in both groups, apparently more in the 
operative groups (table +). This, and perhaps some of the comparisons 
later on, may depend on the severity of the cases chosen for operation, 
which may be judged from the fact that in these cases the ordinary 
medical treatment was tried without success for varying periods before 
operation was performed. 


Taste 1.—Fifty Patients Operated on During the Active Stage of Acute 
Polyarthritis 


Evidence of Activity 


Number of Cases 


Acute disease of joints alone................ 18 
Acute disease of joints and fev 20 
Acute disease of joints and active cardiac | 2 
Acute disease of joints, fever, and active eardiae lesion & 
Rever, active disease of joints, and pulmonary lesion..... s : 1 


Taste 2—Number of Patients Subjected to Tonsillectomy Prior to Admission 
for Acute Polyarthritis 


Number of patients subjected to tonsillectomy prior to admis- 


sion for acute polyarthritis. .. 35 
Number of those having tonsillar tissue evident on simple 


inspection of the throat at the time of entrance... pe 17 or 48% 


Tapie 3.—Incidence of Sore Throats (Including Tonsillitis) in One Hundred and 
Sixty-Five Cases of Acute Polyarthritis During the Course of Joint 
Symptoms or Preceding Their Onset by a Period not 
Exceeding Fourteen Days 


Cases in Patients 
Previously Subjected to 


Cases in Patients 
Without Previous 


Tonsillectomy Tonsillectomy Total 

With Per Cent With Per Cent With Per Cent 

No. of Sore with Sore No. of Sore withSore No.of Sore with Sore 

Group Cases Throat Throat Cases Throat Throat Cases Throat Throat 
Operated on..... 64 46 72 7 71 70 
Not operated on 66 24 36 2s 11 38 “4 35 37 
130 70 15 $3 165 52 


As a basis of comparison, we have chosen the data which appeared 
to us to be the simplest and most reliable, in view of the fact that all 
these patients received the same medical and nursing attention. The 
number of days of elevated temperature, the number of days of joint 
symptoms and the duration of the patient’s stay in the hospital consti- 
tute definite objective data easily compared. At the time of entry the 
operative and control cases were readily comparable with regard to the 
duration of illness, information as to the number of days joint symp- 
toms were present being the most easily obtainable and the most relia- 
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ble. In the hospital, however, the patients operated on are ill somewhat 
longer, as evidenced by the number of days of fever, the total duration 
of joint symptoms and the number of days of hospitalization. At the 
time of discharge the surgical patients were, on the whole, in better 


Taste 4.—Evidence of Active Rheumatic Heart Disease While Under 
Observation 


Operative Group Unoperative Group 
With Without With Without 
Lesion Lesion Lesion Lesion 
at En- at En- at En- at En- 
trance trance Total trance trance Total 
Easily accelerated rate, arrhythmias, dis- 
turbed conduction, decompensation. . . 5 
Pericarditis, endocarditis, pancreatitis. .. 4 


5.—Time of Operation 


Number of Days from Number of Days from Onset 
Time of Admission to Operation Joint Symptoms to Operation 
A 


Operation Operation All Operation Operation All 
Number While While Operative Number While While Operative 

of Days Active Quieseent Cases of Days Active Quiescent Cases 
WOR... f 2 15 or lesz. 4 11 


31-60.... ‘ 27 
1 


61 or more.. 


Total cases... l Total cases... 21 71 


Operation Operation All 
While While Operative 
Active Quiescent Cases 
Average number of preoperative days in the hospital...... 16 15 16 
Average number of days from onset of joint symptoms to 


37 35 


Tas_e 6.—Duration of Joint Symptoms at Time of Entrance 


Operative Unoperative 
Number of Days Group Group 


Average Duration Prior to Entrance 
Operative cases. . . 19days Unoperative cases.. 19 days 

condition. The three deaths were in patients who died aiter a brief 
stay from complications indicated in table 10. They can readily be 
excluded from the comparison. The actual figures are shown in tables 
6 to 10. 

The results of the operation are summarized in table 11. The 
accompanying graphic records of three cases will illustrate some of the 


6 5 1] 3 
31-48, I 

15-31. . 21 30 

+. ‘ : 4 3 


Taste 7.—Duration of Fever and of Hospitalization in Operative Cases 


Number of Cases Number of Cases 
AN — 


Number of _ 
Days of Opera- Opera- Opera- Opera 
Elevated tion tion Number of tion tion 
Temperature While While Days in While While 
(in Hospital) Active Quiescent Total Hospital Active Quieseent Total 
2 s 15 or less 11 
15 36 16-30.. 2 
31-0. 2 
ee 
3l or more 5 
All cases........ 7 All cases.. { 7 
In Operative In Operative In All In Un 
Cases While Cases While Operative operative 
Active Quiescent Cases Cases 
Average number of days of elevated tem- 
perature (in hospital) I 5 
Average number of days in hospital. 2s 38 


2 


TasLe 8.—Total Duration of Joint Symptoms 


Operative Unoperative 
Number of Days Cases Cases 
15 or less. 6 
Average Duration of Joint Symptoms 
Operative Unoperative cases 


Taste 9.—Number of Days in Hospital 
Operative Unoperative 
Number of Days 


Average Sojourn in the Hospital 
Operative cases..... Unoperative cases 


Tarte 10.—Condition at Time of Discharge 


Unoperative Operative and 
Operative Cases Cases Unoperative 
119 


convalescence elsewhere... 
Unimproved; disease still active 
Dead ; 


Total number of cases 


* Two deaths due to pneumonia and one to pulmonary infaretior 
I 


Taste 11.—Effect of Operation on the Acute Att 


Operation; marked onset of improvement 

Operation apparently accelerated improvement 

No apparent effect on course.... 

Caused definite exacerbation of symptoms. 

Apparently good immediate result with early reeurrence. 

Postoperative hemorrhage or pulmonary complications 
Complications in Twenty-One Quiescent Operative Cases 

Mild flare-up of symptoms 

Moderate flare up....... 

Severe sore throat 

Postoperative hemorrhage 


16-30. .... 2 31 
31-0). 29 23 
= 2% days 

Symptom-free; discharged for further 
19 4 45 
4 7 9 
3° 
71 
Number of Cases 

4 
‘ 
6 
‘ 
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Chart 1.—Peritonsillar abscess one month before entry, in M. S., a man, aged 
27, Drained and improved in one week. Throat remained slightly sore and mul- 
tiple acute joint symptoms began. Heart normal at the time of operation. Joints 
remained acutely inflamed without relief from salicylates in doses of 1.2 Gm. 
every four hours. An operation was done under local anesthesia and improvement 
began the day after operation. The joints were clear and the patient entirely 
symptom-free after three days. 


Chart 2.—Sore throat and chest cold for one month prior to entry in E. H., a 
woman, aged 18. Multiple acute joint symptoms began with sore throat, May 12, 
1925; no previous rheumatic history. Symptom-free after two days with salicylates. 
Symptom-free at time of operation. Flare-up of joint symptoms following opera- 
tion, June 10. Thereafter symptom-free. 
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features mentioned. The legends accompanying the charts give the 
essential details of the history. Three types of results are exemplified 
here. The third case represents the commonest reason for poor results 
following tonsillectomy, namely, incomplete removal at the first 
operation. 

Tonsillectomy has been performed sporadically for a number ot 
years in acute rheumatic fever, but there has not been a general accep- 
tance of the procedure because of a reluctance to subject patients with 
fever and acutely inflamed joints to operation. The general tendency 
of our profession is to wait until the temperature, joint symptoms and 
leukocytosis have quieted down, but during that delay there is increasing 
danger to the heart and economic loss. That a recurrence of rheumatic 
fever increases the probability of cardiac damage is apparent from 
table 13. The question of tonsillectomy as a preventive of subsequent 


‘hart 3.—Previous rheumatic fever in childhood and in 1923. J. F., a woman, 
aged 20, was admitted for multiple acutely inflamed joint symptoms of fourteen 
days’ duration. Sore throat, Feb. 25, 1925, and frequently for previous three 
years. Tonsillectomy was performed in 1914; tabs were seen on entry. Sharp pre- 
cordial pain and dyspnea had been present for two days. Heart normal on 
examination. Before operation no relief was obtained with salicylates in doses 
of 2 Gm. every four hours. After operation the patient was not improved but 
insisted on discharge. 


attacks of rheumatic fever has been much studied, is not vet settled and 
will not be considered here, except tentatively in table 12, which indi- 
cates the relation of tonsillectomy to the occurrence and recurrence of 
acute polyarthritis. It would seem from a study of these figures that 
an initial attack or a recurrence may take place after tonsillectomy. How 
much the type of operation has to do with this fact is difficult to evaluate, 
except that it may be surmised from table 2 that the original operation 
on those patients having attacks after removal of the tonsils was not 
entirely successful from the surgical point of view. It should 
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be noted, however, that even those authors who emphatically deny 
the value of tonsillectomy usually head their list of the causes of 
acute polyarthritis with infected tonsils. Many who believe in tonsil- 
lectomy prefer to wait until the fever and inflamed joints have quieted 
down. Such was formerly our plan, but that has been changed in the 
last five years for the reasons that we have stated. From the eco- 
nomic standpoint the hospital has not yet profited, since our tables 
show that surgical patients averaged a longer time in the wards than the 
nonsurgical patients. The reasons for this were the delays in arriving 
at the point for operation, the number of days afterward during which 
the patient was kept while we assured ourselves that the procedure had 
been a success, and, most important, the greater severity of the conditions 


Tarte 12.—Relation of Tonsillectomy to the Occurrence and Recurrence of Acute 
Polyarthritis 


Number of patients admitted for their first attack of polyarthritis 
Same, subsequent to tonsillectomy 

Number of patients admittted for a recurrence of acute polyarthritis 
Same, subsequent to tonsillectomy 

Total number of patients with acute polyarthritis.... 

Number of these previously subjected to tonsillectomy... 


Taste 13.—Relation of History of Previous Attacks of Rheumatic Fever or 
Chorea to the Presence of Rheumatic Heart Disease on Admission in One 
Hundred and Sixty-Five Cases of Acute Polyarthritis 


Number of patients having rheumatic heart disease at the time of entrance 68, OF 39% 
Number of patients admitted for first attack of acute polyarthritis......... 87 
Number of these having rheumatic heart disease at time of entrance 2, or 28% 
Number of patients admitted for a recurrence of acute polyarthritis.......... 78 
Number of these having rheumatic heart disease at the time of entrance.... 39, or 50% 


in patients operated on. The mild cases generally respond readily to 
the usual medical treatment. 
CONCLUSIONS 

The initial physical examination of any patient with acute rheumatic 
fever should include a thorough search for the foci of infection. The 
earlier the focus of infection is discovered, the greater the possibility of 
removing it, thus lessening the recurrence of attacks, the length of time 
in the hospital and the danger of cardiac involvement. When attention 
is given to this treatment, the removal of the focus can be performed as 
readily at the end of one week as four. 

We feel that we have presented evidence that tonsillectomy may be 
performed during the active stage of acute rheumatic fever without 
harm to the patient from the operation. Tonsillectomy at this time 
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offers no more dangers than when performed under what appear to be 
the most favorable conditions. 

Ether was the anesthetic selected for the majority of our cases. 

The only complication that delayed operation was an accompanying 
bronchitis or bronchopneumonia. Cardiac conditions practically never 
contraindicate operation except in extreme cases. 

Patients who have had recurrences under the usual medical treat- 
ment, and are operated on during the quiescent stage, should be told 
that the tonsillectomy may produce an exacerbation of the joint symp- 
toms, but that it will probably be mild and brief if the operation is 
a success. 

The decision to operate was made by internists and not by rhinolo- 
gists. The operation should be done only by experienced persons, since 
failure to enucleate the diseased tonsils completely leaves the patient 
in as dangerous a condition as before and throws discredit on the 
procedure as a preventive of acute polyarthritis and rheumatic heart 
disease. 

We unhesitatingly offer tonsillectomy as a safe therapeutic measure 
for those patients particularly who fail to respond to the ordinary 
medical measures. In several cases in which symptoms have repeatedly 
recurred, the results of operation have been brilliant. 


ABSTRACT DISCUSSION 


Dr. S. Marx Wuite, Minneapolis: We are all interested in lessening the 
incidence of the results of rheumatic fever, such as involvement of the heart. 
We have often seen a child come to the hospital immediately following a tonsil- 
lectomy, done more or less skilfully, said by the family to be distinctly worse 
than it was before the operation. Drs. Robey and Finland, with their skilled 
staff of assistants and with the skilled rhinologist, have been able to secure 
results which interest us greatly. 


OF 


A number of years ago, when irradiation of the tonsil was presented as a 
means of sterilizing that organ, we attempted to carry out the procedure, but 
were not long in becoming convinced that no sterilization of the tonsil could be 
performed by means of the x-ray or any other agent that left the tonsil in situ. 
We became aware, however, that the x-ray could cause shrinkage of the lymphoid 
tissue in the tonsil, even an acutely inflamed one, and that by shrinking the tonsil 
with the x-ray preliminary to its removal, we might achieve something. One 
case of rather acute severe exacerbation following tonsillectomy led us to be 
very cautious. Dr. Robey’s study should not lead, as yet, to the generalized 
adoption of tonsillectomy during acute rheumatic fever, particularly on the 
advice of the rhinologist. 

Dr. FRANK SmitTuHIEs, Chicago: What relationship has existed in these cases 
between the bacteriology of the tonsils and the blood cultures and of cultures 
made from joint fluids at the time when the patient was having febrile exacerba- 
tions? It seems to me that by investigating along these lines, more information 
might be secured and this would guide our line of procedure. Certainly, in some 
of the instances cited, it would appear that one is dealing with bacteremias as 
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causes of fever or that there are active bacterial growths in joint fluids wholly 
irrespective of the local tonsil condition. 

Dr. F. M. Porrencer, Monrovia, Calif.: I should like to discuss the authors’ 
paper in connection with Swift's idea of acute articular rheumatism being an 
allergic manifestation. The temperature charts shown by Drs. Robey and Finland 
may be duplicated in tuberculosis. If I did not know that these charts represent 
streptococcic infections, I could explain them just as well as allergic reactions in 
tuberculosis. I see phenomena in the tuberculosis clinic comparable to those the 
authors mentioned. For instance, in a patient with a severe tuberculosis of one lung, 
and a lesser lesion in the other, both being active, if a large reinoculation either 
of bacilli or of bacillary protein takes place from some one area of infection, a 
marked reaction will take place at the point of implantation, but a milder reaction 
may appear in all unhealed lesions in both lungs. In such a case, if pneumo- 
thorax is done on the side of the severe lesion, the other lung goes on to a cure. 
If, on the other hand, there are major reinoculations taking place from the other 
lung as well, then collapsing the one will not stop the activity. This is comparable 
to removing a tonsil when reinoculations are taking place from it and keeping up 
an allergic reaction in an infected joint. I had a patient who had a severe 
tuberculosis of the right lung, and a lesion in the kidney. The lung improved 
markedly but was quickly made the seat of an inflammatory exudative allergic 
reaction by tuberculoprotein, which was set free in the blood stream by a focus 
in the kidney. The same situation is often seen in diseases of the larynx and 
bowels. Another interesting condition that is comparable to what is seen in 
rheumatism is a sudden infection of a testicle, which takes place at times when 
the lungs are involved. This is due to the fact that testicular cells are highly 
sensitized, and when tubercle bacilli become implanted they stir up an immediate 
allergic reaction. The tissues become edematous, if the inoculation is small, after 
a few days the edema begins to disappear and there is a slow return to normal. 
If the numbers of bacilli are larger, necrosis with destruction takes place and a 
sinus persists. As a part of the immunologic process in streptococcal infection 
there is a sensitization similar to that in tuberculosis. So when bacilli gain access 
to the blood stream and become implanted in a heart valve, or in a joint, an 
allergic reaction takes place which differs according to the tissue involved. In 
some instances there will be only a slight hyperemia and a mild exudation, 


proliferative phenomena predominating, while in others there is a marked exuda- 


tion with a pouring out of serum, and sometimes cells and fibrin. One can readily 
see the difference in reaction that would take place in the joint and in the heart 
valves. It seems to me that all the phenomena described by Drs. Robey and 
Finland can be best understood on the basis of sensitized cells in the presence 
of reinoculations of bacteria or bacterial products. The streptococci gain access 
to the blood stream and produce new implantations in the joints or in the heart, 
after which either the streptococci or the products derived from them, gaining 
access to the blood stream, will keep up an allergic reaction in whatever tissues 
infection has been established. If the focus giving out the material for rein- 
oculation is removed, the source of the material causing an allergic reaction is 
removed. If, however, the organ or part removed does not prove to be the source, 
the situation has not been relieved. During the removal of the infected organ, 
many bacteria or bacterial products might be thrown into the blood stream and 
produce another violent reaction, thus the operation itself produces violent 
symptoms. 
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Dr. Russett L. Cecit, New York: During the past year at Bellevue Hospital 
we have been able to obtain positive blood cultures (streptococci) from about 
80 per cent of our patients with rheumatic fever. In five out of seven joint 
punctures, we have also obtained streptococci. This work corroborates previous 
studies by Poynton and Payne, Rosenow, and others. If it is true that this disease 
is a streptococcal infection and that streptococci are emanating from the tonsils 
or the throat, it behooves us to eliminate these foci as quickly as possible, perhaps 
by taking out the foci during the acute stage of the disease if the tonsil is not 
too acutely inflamed. I wish the authors would tell us how these tonsils looked 
at the time of operation. If the attack of tonsillitis and sore throat occurred two 
weeks before the rheumatic fever, that would enable the laryngologist to do his 
work without flooding the system with too many additional streptococci. If only 
a few more should escape during tonsillectomy, I suppose it would not do much 
harm. The crux of the matter is in the condition of the tonsil at the time opera- 
tion is undertaken. So far as the patient’s symptoms are concerned, there is 
reason to believe that if these tonsils can be taken out and this source of bacte- 
remia removed, the condition in the joints will clear up more promptly. We know 
that, as a rule, streptococci are easily overcome in the joints. This is shown by 
the migratory character of the joint symptoms, so if we can get foci removed 
promptly, we might save the heart some injury and save the patient’s time, too. 
Perhaps the future treatment of rheumatic fever will be prompt removal of foci 
during the first attack and then prophylactic vaccination every spring with the 
patient’s own streptococcus against recurrence. In that way we might be able 
to save the patient from the second, third and fourth attacks, which produce 
additional injury to the heart valve. 

Dr. Witt1amM H. Rosey, Boston: In answer to Dr. White, we have not tried 
the method of irradiation. Although I know the tonsil may be shriveled with 
one treatment, still I have always felt that there might be enough infected crypts 
left to give poor results. Since we have not had bad effects from enucleation, I 
feel inclined to go on with that method. I knew that somebody would raise the 
question, as Dr. Smithies has, concerning bacteriology. We have been making 
some studies, but the whole subject is so chaotic that I do not want to go into 
it. We are taking out the tonsils because we think they are involved, and we are 
leaving the bacteriology for the present to other investigators. This is merely a 
preliminary report, and we hope to consider the bacteriologic aspect a little later. 
Dr. Cecil asked what the tonsils looked like. That is a difficult question to 
answer. First of all we try to discover what foci are present in teeth or tonsils, 
but in the cases in which we have operated, naturally we have ruled everything 
out, with the exception of the tonsils. Usually, there is a history of repeated 
attacks of sore throat. There is cften the history of an attack some time before, 
and then the attack which, as Dr. Cecil says, occurs often two weeks before the 
acute rheumatism comes on, and the tonsil looks inflamed or contains something 
resembling pus which can be squeezed from it. There is a great deal of dissen- 
sion as to what can be squeezed from it, since the dissenters say that when one 
obtains what looks like pus, it perhaps is not pus at all. A patient of that type 
was sent to me by a surgeon because he saw nothing about his operation that 
could have produced acute rheumatism, yet the woman, who was 44 years of age 
and apparently in good condition, had a muscular rheumatism which was per- 
sisting and moving about in the various muscles and which was alarming her 
greatly because she had an important business position and was much afraid that 
she was going to become incapacitated. I looked into her threat and saw that 
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the right tonsil was larger than the left, and I could, by pressing on it, 
squeeze something out of the crypts. I sent her to one of our leading throat 
men, who said that he saw no reason for taking out the tonsils, but I insisted 
that, in view of an otherwise negative physical examination, tonsillectomy should 
be performed. He took out the tonsils and was generous enough to send word to 
me that he thought he had made a mistake, because when he got into the tonsils 
he found that they actually did contain pus. I do not think anybody knows 
exactly what kind of tonsil to take out, but if there has been a history of repeated 
sore throat and the tonsils look as if they were diseased and no other focus can be 
found, I think they should be removed. That is the history on which we have 
gone in these seventy-one cases in which we have operated. 


PANCREATIC FUNCTION 
V. THE SECRETORY MECHANISM OF DIGESTIVE JUICES * 


SEIZABURO OKADA, M.D. 
KWANICHI KURAMOCHI, M.D. 


TOSHIO TSUKAHARA, M.D. 
AND 
TATSUO OOINOUE, M.D. 
TOKYO, JAPAN 


In the foregoing paper ' we noted that hypoglycemia provokes the 
gastric, pancreatic and biliary secretions, and that hyperglycemia inhibits 
these. Since hypoglycemia induces humorally an excitatory impulse 
and hyperglycemia an inhibitory impulse to the secretory center, since 
from this center the stimulus and the inhibitory impulse are transmitted 
through the autonomic nervous system to the acting tissue cells, and 
since this phenomenon plays an important role as a regulatory mechanism 
in the process of gastric, pancreatic and biliary secretion, we called 
this phenomenon the “humoroneural regulation of the secretion of 
digestive juices.” It is proved that the salivary secretion is excepted 
from this regulation. Furthermore, in dogs provided with a Thiry- 
Vella fistula, the secretion of the intestinal juice does not show this 
regulatory mechanism. It is well known that the alimentary hyper- 
glycemia is usually due to the increase of dextrose in the blood. There- 
fore it is of interest to know whether other kinds of sugar have a 
similar effect on the secretory mechanism of gastric, pancreatic and 
biliary glands when introduced directly into the circulatory system. 
As the researches of Heidenhain, Hamburger, H5ber and Cohnheim, 


* Submitted for publication, Oct. 4, 1929. 

*From the Medical Clinic of Prof. R. Inada, Imperial University of Tokyo. 

* This and the foregoing papers refer not only to the pancreatic function but 
also to the secretory functions of the whole glands of the digestive tracts, so 
that the title “Pancreatic Function” does not cover the whole contents of the 
researches. Still we feel it rather fair to keep this title to show the origin of 
these works. 

*Preliminary reports were: Studies on the Mechanism of the Secretion of 
Digestive Juices (in Japanese) Nippon Naikagakkai Zasshi 17:106 (May 10), 
1929; abst. in English, ibid., June 10, 1929; The Humoroneural Regulation of the 
Secretions of the Digestive Organs: II. Report, Proc. Imperial Acad. Tokyo 
6:18 (Jan.) 1930. 

1. Okada, S.; Kuramochi, K.: Tsukahara, T., and Ooinoue, T.: Pancreatic 
Function: IV. The Humoroneural Regulation of the Gastric, Pancreatic and 
3iliary Secretions, Arch. Int. Med. 43:446 (April) 1929. 
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from 1894 to 1899, proved that the hypertonic and hypotonic solutions 
become nearly isotonic when resorption occurs in the small intestine, 
it seems reasonable to use isotonic solutions, administered parenterally, 
to imitate the natural process as far as possible. We chose the change 
in the acidity of the gastric juice as the main indication of the effect 
of the sugar administered. The gastric contents were collected con- 
tinually by suction, and every fifteen minutes a specimen was separately 
determined, Usually 200 cc. was injected into the cubital vein. As 
the isotonic solutions, 5.6 per cent of monosaccharides and 11.2. per 
cent of disaccharides were used. All methods applied that are not 
described here were given in previous papers. 

It was found that dextrose invariably causes a distinet diminution 
of the acidity of the gastric juice, often accompanied by a diminution 


Fig. 1—Scene showing the method of research: Kuramochi is performing an 
intravenous injection assisted by a nurse; Ooinoue is ready with a Hagedorn 
pipet for a sample of blood; Okada is collecting the duodenal return and control- 
ling the whole procedure; another nurse is collecting the gastric juice. 


of the amount. Maltose has a similar effect, but the diminution of the 
acidity tends to occur somewhat later. Levulose and galactose some- 
times cause a diminution of the acidity, while at other times they show 
almost no effect. This divergence in effect is due probably to the tact 
that the amount of these two sugars in some cases is sufficient to cause 
an inhibitory stimulation of the center while in others it is insufficient. 
Lactose and sucrose produced no apparent effect. The first (fifteen 


minutes) specimen is often uninfluenced or is even increased in acidity 


or in amount when dextrose is injected, owing to the fact that a 
reaction of the humoroneural mechanism requires a certain time to 
develop. The second (thirty minutes) specimen usually shows a distinct 
reactive diminution. When maltose is used, this diminution occurs 
usually in the third (forty-five minutes) specimen. After prolonged 
suction (one hour or more) a diminution of the aciditv or of the 
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mount may also occur, even when lactose or sucrose is used, but this 
‘annot be attributed to the direct effect of that sugar. This problem is 
heing studied by one of us (hk. K.) on dogs with permanent pancreatic 
nstula. This study also proves that the foregoing relation to the pan- 
creatic secretion exists. In this respect it might be justifiable to recall 
the remarkable researches of Mann and Magath? as well as that of 
Noble and Macleod.* Mann and Magath conclusively proved that the 
total removal of the liver is always followed immediately by a pro- 
vressive decrease in the sugar content of the blood and that the develop- 
ment of the characteristic symptoms, which quickly lead to death, exactly 


Taste 1.—Results of the Analyses of the Saliva Following the Intravenous Injec- 
tion of 200 Ce. of 25 per Cent Dextrose in a Man, Aged 19 
Degree Amount 
Times at Which 0 . 
Specimens Were Amount of Amylolytie Amylolytie 
Collected, Blood Sugar, Saliva, Activity, Activity, 


Hours per Cent Ce. Units 


Fasting 
9.660 


0.096 


parallel this decreasing blood sugar level. Intravenous administration 
of dextrose never failed to restore to normal an animal that had 
developed the group of symptoms associated with a low blood sugar 
level. In other experiments, dextrose was administered either by mouth, 


by rectum, by jejunostomy, by continuous intravenous injection or intra- 
peritoneally immediately after hepatectomy; in none in which a normal 
blood sugar value or a hyperglycemia was maintained successfully, did 


the first characteristic group of svmptoms develop. Mann and Magath 


2. Mann, F. C., and Magath, T. B.: Studies on the Physiology of the Liver: 
lI. The Effect of the Removal of the Liver on the Blood Sugar Level, Arch. 
Int. Med. 30:73 (July) 1922; III. The Effect of Administration of Glucose in 
the Condition Following Total Extirpation of the Liver, ibid. 30:171 ( Aug.) 1922. 

3. Noble, E. C., and Macleod, J. J. R.: The Influence of Sugars and Other 
Substances on the Toxic Effects of Insulin, Am. J. Physiol. 64:547, 1923. 
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ly 0.009 7.8 1,286 106,031 
% 7.2 852 6,154 
1 0.102 5.6 1,046 5,858 
Following an Injection of Dextrose 

4 O4A44 2.5 1,754 4.385 
lg 0.266 6.4 1,266 8,102 
% 0.150 7.0 1,622 11,354 
1 0.109 9.0 28 8,352 
1% 0.000 3.6 RS 3,341 
le O07 4.0 1,206 4,824 
1% 0.084 4.2 1,864 7,829 
2 0.079 3.6 1,434 5,162 
2% 0.075 44 2,046 9,002 
214 0.077 4.8 1,574 
2% 0.077 4.0 2.014 8,056 
3 0.081 5.0 1.4 9,320 
314 0.084 5.0 1,982 9,910 
0.089 3.2 2,468 7,888 
38% 0.085 28 1,648 4,614 
4 2.4 1,808 4,339 
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Taste 2.—Results of the Analyses of the Saliva Following the Intravenous 


Times at Which 
Specimens Were 
Collected, Blood Sugar, 
Hours per Cent 
Fasting 
0.081 
1 0.080 
Following an Injection of Dextrose 
0.170 


REE 


Amount of 
Saliva, 


Degree 


of 
Amylolytie 
Acti 


Amylolytic 
A 


Tasce 3.—I/ntestinal Secretion Following the Hypodermic Injection of Insulin and 
Dextrose * 


A. Dog 6, female, weighing 14.5 Kg.; 
experiment done five days afer a 
Thiry-Vella fistula was made 
Times at Which Blood 
Specimens Were Sugar, Intestinal 
Collected, per Juice, 
Hours Cent Ce. 


Fasting 


0.097 
0.099 
Following an injection ot 20 units 
insulin hypodermically 


fete ts tong 
NO 


Following an injection of 300 ce. of 
5.6 per cent dextrose, hy podermically 


— 
Amount of Times at Which 


B. Dog 8, female, weighing 15.8 Kg.; 

experiment done seven days after a 

Thiry-Vella fistula was made 


Blood 
Sugar, 


per 
Cnt 
Fasting 


Specimens Were 
Collected, 
Hours 


0.087 
0.081 
Following an injection of 30 units of 
insulin hypodermically 


tomige ings 


Following an injection of 300 ce. of 
7 per cent dextrose hypodermically 


% 1.2 


% 
1 


* Flastic cannulas were inserted into the fistulas during collections. 


Injection of 200 Cc. of 5.6 per Cent Dextrose in a Man, Aged 39 
Amount 
Ce. Units Units 
2.9 1,934 5,609 
24 1,310 3,144 
4.5 1,586 6,912 
3.9 1,148 4,477 
9,984 
8,777 
8,515 
5,681 
5,968 
6,501 
5,085 
4,921 
6,000 
5,830 
5,080 
5,250 
4,300 
3,191 
5,547 
5,392 
| Amount of 
Intestinal 
Juice, 
1.6 
2.6 
2.3 
2.2 
of 
% 0.092 4% 0.073 2 
0.077 0.060 0 
0.063 % 0.037 
1 0.061 1 0.083 1 
4 0.057 1% 6.086 0 
1% 0.053 14 0.086 0 
1% 0.051 1% 0.033 0 
” 
10 
iy 0.079 10 
% 0.088 1.2 0.004 17 
1 0.098 0.9 0.096 09 
1% 0.091 13 
0.091 1.3 
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turther attempted to determine whether the reactive action of dextrose 
in the moribund condition following hepatectomy was specific. For 
this purpose, a wide variety of substances which seemed to have a 
related action were tested in the same manner and in amounts which 


TasLe 4.—Results of the Analyses of the Contents of the Stomach Following the 
Intravenous Injection of 200 Cc. of 5.6 per Cent Dextrose in a Man, Aged 19 


Gastrie Juice 


Times at Which Specimens Were per Fre Total 5 Amount of 
Collected, Hours Acidity Juice, Ce. 


12.0 


Fasting 


Following an injection of dextrose 


BEE" 


TaBLe 5.—Results of the Analyses of the Contents of the Stomach Following the 
Intravenous Injection of 200 Cc. of 11.2 per Cent Maltose in a Man, Aged 24 


Blood Gastrie Juice 
Sugar, 
Times at Which Specimens Were per Total Amount of 
Collected, Hours Cent Acidity Juice, Ce. 
Pasting 
32 37 
0.100 66 
41 


seemed to correspond to the amount of dextrose necessary to restore the 
hepatectomized animal to normal. The following substances tested were 
found not to have a restorative action: Saccharose, lactose, levulose, 
inulin, sodium chloride, sodium sulphate, sodium carbonate, sodium 


Blood 
Following an injection of maltose 
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bicarbonate, ethyl alcohol, glycerin, lactic acid (racemic), acetic acid, 
hydrochloric acid, pyruvic acid, epinephrine, pituitary extract and gly- 
cocoll. Only four substances were found, besides dextrose, which had 


TanLe 6.—Results of the Analyses of the Contents of the Stomach Following the 
Intravenous Injection of 200 Cc. of 5.6 per Cent Levulose in a Man, Aged 24 


Blood Gastrie Juice 
Sugar, 
Times at Which Specimens Were per Total Amount of 
Collected, Hours Cent Acidity Juice, Ce. 


0.008 
0.109 
Following an injection of levulose * 
8 minutes.... 


* Sometimes no diminution of the gastric acidity was observed after an injection of 
levulose. 


Tarte 7.—Results of the Analyses of the Contents of the Stomach Following the 
Intravenous Injection of 200 Cc. of 5.6 per Cent Galactose in a Man, Aged 19 


Blood Gastrie Juice 
Sugar, — 
Times at Which Specimens Were pe ee Total Amount of 
Collected, Hours Y Acidityt Juice, Ce. 
Fasting 
1 
4 


SOPH 
Sane 


*Sometimes a dimunition of the gastric acidity was observed after an injection of 
galactose. 


+ Although no diminution of the acidity is shown in this case, it sometimes occurs. 
a beneficial action when injected into the moribund animal with a low 
blood sugar level following removal of the liver. These were maltose, 
mannose, dextrin and galactose. Noble and Macleod carried out careful 


— 
Fasting 
42 51 5A 
2 36 4.0 
34 438 | 
61 2.2 
%. 0.098 18 30 
Following an injection of galactose * 
* 
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experiments on rabbits with insulin convulsions and obtained the follow- 
ing results: The only sugar which can definitely serve as an antidote to 
the symptoms that accompany the hypoglycemia due to insulin is 
dextrose. Even when the animal is moribund at the time of injection 


TaBLe 8.—Results of the Analyses of the Contents of the Stomach Following the 
Intravenous Injection of 200 Ce. of 11.2 per Cent Lactose in a Man, Aged 24 


Gastrie Juice 
Times at Which Specimens Were 3 Total Amount of 
Collected, Hours Acidity Juice, Ce. 
Fasting 


Following an injection of lactose 
8 minutes..... 


TaBLe 9.—Results of the Analyses of the Contents of the Stomach Following the 
Intravenous Injection of 200 Ce. of 11.2 per Cent Sucrose in 
a Man, Aged 19 


Blood Gastrie Juice 
Sugar, - 

Times at Which Specimens Were per I Total Amount of 

Collected, Hours Cent Acidity Juice, Ce. 


Fasting 
Do 


Following an injection of sucrose 
0.089 
0.093 
0.089 
0.086 
0.089 
0.084 
0.087 
0.089 
0.086 
0084 
0.084 


0.082 


this sugar may bring about permanent recovery. Administration of 
levulose, galactose and maltose may be followed by temporary slight 
improvement in the symptoms and they cause a marked increase in the 
blood sugar. Arabinose, xylose, sucrose and lactose have no apparent 


lg... 0.09% 12 22 20 
%... 0.112 42 4.2 
1\%.. 0.098 » 8 1.1 
1%... : 0.095 Ss 7 3.0 
7s 18.0 
71 » 17.8 
72 10.6 
oT 12.0 
rye 7.0 
33 13.0 
42 51 0 
41 5.2 
14.0 
Tt 26.5 
67 16.) 
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Tasce 10.—Results of the Analyses of the Contents of the Stomach Following the 
Hypodermic Injection of Insulin and Dextrose in a Dog Provided With 
a Gastric Fistula 


Dog 3, female, weighing 10.7 Kg.; experiment conducted five days after a gastric fistula 
was made. 


Blood Gastrie Juice 
Sugar, ~ 
Times at Which Specimens Were per Total Amount of 
Colleeted, Hours } Acidity Juice, Ce. 


8 
105 
9 


0.102 70 


a hypodermie injection of 20 units of insulin 


per cent 


Taste 11.—Results of the Analyses of the Contents of the Stomach Following the 
Hypodermic Injection of Insulin and Dextrose in a Dog with Both Vagi 
Severed Directly Above the Diaphragm and Provided with Gastric Fistula 


Dog 4, female, weighing 15.2 Kg.; experiment conducted twenty-seven days after severing vagi 


Blood Gastric Juice 
Sugar, 
Times at Which Specimens Were per Total Amount of 
Collected, Hours ‘ Acidity Juice, Ce. 


8&3 
82 
82 
78 


27 2.0 
2.2 
2 3.8 
30 3.4 


RSRESELE 


Following a hypodermic injection of 200 ce. of 5.6 per cent dextrose 


790 
Wi 
Following a hypodermic injection of 100 ec. Of 25 [IRR dextrose 
0.086 0 10 0.3 
and four days after providing gastric fistula. 
Fasting 
Following a hypodermic injection of 20 units of insulin 
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effect on the symptoms although there may be an increase in the reducing 
power of the blood. Sodium lactate, glycerin and alkalis have no effect 


on the symptoms. 

The experiments of Mann and Magath and of Noble and Macleod 
are similar, and in the main the results coincide. Taking these observa- 
tions into consideration, we may conclude that dextrose, the only sugar 
which can definitely counteract the symptoms that accompany the hypo- 
glycemia due either to insulin or to the removal of the liver, shows a 
definite depressive action on the secretions of the gastric, pancreatic 
and biliary glands. Maltose, levulose and galactose may slowly or incon- 
stantly cause the same action. Sucrose and lactose have no apparent 
effect on the secretory activity of the digestive glands. From the fore- 
going fact it is evident that the available sugar that has an inhibitory 
influence on the secretory center of the digestive juices must be ready 
or easily changeable to be ready for use in the physiologic process of 
oxidation. 

The importance of the autonomic nervous centrum and the vagus 
for the excitatory as well as the inhibitory impulses in the process of 
humoroneural regulation is further demonstrated in dogs by severing 
both vagi directly above the diaphragm. Four dogs provided with 
gastric fistulas showed, in hypoglyceia caused by insulin, a distinct 
stimulation of the gastric secretion, and in hyperglycemia caused by the 
injection of dextrose, a marked inhibition of secretion; while none of 
those in which both vagi were severed (four experiments in three dogs) 
showed an increase of secretion in hypoglycemia or a distinct decrease 
of secretion due to the injection of dextrose. The same fact was also 
proved by one of us (Kk. K.) in experiments on the pancreatic and 
biliary secretions of dogs. In these researches it might be especially 
emphasized that the dose of insulin and the degree of hypoglycemia 
must be sufficient to cause a distinct reaction; otherwise, even the con- 
trary result may be obtained although the vagi are intact. This 
phenomenon is perhaps due to the fact that the secretory mechanism is 
rather inhibited by insulin directly, and therefore a strong excitatory 
hypoglycemic influence is necessary to provoke the reaction. 

It is well known that protein, if introduced into the digestive tracts, 
has directly no excitatory effect .on the secretory activity of the 
digestive juices, while its digestive products are believed to excite the 
gastric secretion. It is further known that these products, if introduced 
from a fistula into the stomach isolated from the pyloric portion and 
the intestine, do not cause any secretion. It is evident, therefore, that 
these products cause, chemically, no excitatory influence on the secre- 
tory activity of the mucous membrane of the stomach. It is desirable 
further to make clear the mechanism of this excitatory function. We 
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fig. 2—The results of analyses of the blood sugar, amino-acid nitrogen of the 
blood and the gastric juice following an intravenous injection of glycocoll in a 
man, aged 19 (table 12). A marked increase of the acidity directly after injection 
may be noted which persists for a long time, while the amino-acid nitrogen con- 
tent of the blood rapidly resumes the fasting value. The blood sugar curve shows 
distinct hypoglycemia after a preliminary slight elevation. The arrow indicates 
the injection of glycocoll. In the curve for gastric juice, in this and the following 
illustrations, the straight line indicates total acidity and the dotted line free hydro- 
chloric acid. 
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Pig. 3—The results of analyses of the blood sugar, amino-acid nitrogen of the 
hleed and the gastric juice following an intravenous injection of glycocoll and 
lextrose in a man, aged 19 (table 14). Following the injection there was suddenly 
a strong hyperglycemia and an increase of the amino-acid nitrogen content of the 
blood; the acidity of the gastric juice rather diminished at first and when hyper- 
glycemia was over, increased rapidly. The arrow indicates the injection of 
glycocoll and dextrose. 


OKADA 793 
O32 
028 | \ | 
q | 2% \ 
| alé 
| O08 
| 0.04 4 
Nitrogen of the Blood 
160 
150 
140 / 
130 
12.0 \ 
| 
110 
3 (60 
q 
} jastric 
130 
120 
VA 
100 
qo \ ne 
70 f | 
| 


ARCHIVES OF INTERNAL MEDICINE 


Blood Sugar 


Amino-Acid Nitrogen of the Blood 


Gastric Juice 


15 O45 Ih 15 3045 1h 18 3045 Zh 15 30 45 30 45, 4h 


Fig. 4—The results of the analyses of the blood sugar, amino-acid nitrogen 
of the blood and the gastric juice following a hypodermic injection of atropine 
and an intravenous injection of glycocoll in a man, aged 19 (table 15). The 
acidity of the gastric juice after injection of glycocoll rather diminished at first as 
a consequence of the inhibitory influence of atropine; the subsequent increase was 
not so significant as the foregoing curves, and disappeared prematurely. The 
dotted arrow indicates the injection of atropine, and the straight arrow that of 
glycocoll. 
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chose amino-acids, the most important cleavage products of protein, 
for the investigation of this problem. As the representative of amino- 
acids, glycocoll and alanine were selected. Glutamic acid and histidine 
were also used. The amino-acid nitrogen content of the blood was 
determined by the method of Folin.* Professor Folin supplied us with 
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Gastric Juice 
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Fig. 5.—The results of analyses of the blood sugar, amino-acid nitrogen of the 
blood and the gastric juice following an intraduodenal injection of glycocoll in a 
man, aged 31 (table 16). The glycocoll solution was concentrated so that its 
resorption was relatively slow; the increase in the acidity of the gastric juice 
developed later, preceded by a diminution. The arrow indicates the injection of 
glycocoll. 


reagents for this determination and Professor Arai with pure amino-acid 
preparations. 


4. Folin, O., and Wu, H.: A System of Blood Analyses, J. Biol. Chem. 
38:81, 1919. Folin, O.: A New Colorimetric Method for the Determination of 
* the Amino-Acid Nitrogen in Blood, J. Biol. Chem. 51:377, 1922. 
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TatLe b2.—Results of the Analyses ofthe Contents of the Stomach the 
Duodenum Following an Intravenous Injection of 200 Cc. of 5 per 


Times 
ate 
Which 
Speci- 
mens 
Were 


Blood 
Sugar, 


Collected, per 


Hours 


Cent 


Fasting 


Followi 


Tarte 13.—Results of the Analyses 
Duodenum Following an Intrav 


Were 
Colleete 
Hours 


0.101 
0.007 
ng an 
0.106 


0.069 
0.062 
0.064 
06.062 
0.064 


Blood 


Sugar, 


d, per 


Cent 


Fasting 


0.107 


0.106 


Amino- 
Acid 
Nitrogen 
in 


Whole 


Blood, Hydro- Total 
Mg. in ehlorie Acid- 


100 Ce. 


10.01 
“9.44 
16.21 
12.89 
12.05 
10.85 
10.85 

9.16 
9.98 
10.09 


“9.16 


Amino- 
Acid 
Nitrogen 
in 


Whole 


Blood, Hydre- Total 


Cent Glycocoll m a Man, Aged 19 


Free 


Acid 


Cent 


Free 


Gastrie Juice 


injection of glye 


Gastric Juice 


Amt. 
of 
Juice, 
Ce. 


ecoll 


105 
114 
105 


= 


Solution o 


— 


Amt. 
of 


Mg. in ehlorie Acid- Juice, 


Ce, 


4.29 


9.08 


Acid 


ity Ce. 


Following an injection of alanin 


% 
% 
1 
1% 
1% 
71 
My 
3 


0,000 
0.004 
0.099 
0.100 
0.099 
0.099 
0.004 
0.088 
0.000 
0.090 
0.002 
088 
0.088 
0.083 
0.078 
0.081 


14.99 
14.00 
13.41 
13.13 
13.13 
12.40 
11.90 
“9.48 
‘9.99 
857 


* Same man as in table 12. 


f 


Duodenal Return 


T 
Trypsin Amylase Lipase Bile 
Units Units Units Pigment 
Amt. (Amount(Amount(Amount (Dilu- 
of x x tion 
Juice, Activ- 
Ce. ity) 


x 
Activ- 
ity) 


Activ- 


x x 
. ity) Amount) Amount) 


1,026 
1,170 


54,000 
148,000 


8,640 35,316 


8,320. 38,428 
2,400 2,952 


7,70 


2,051 
38,208 
14,250 48,279 
27,000 68,094 
24,000 
16,000 47,950 


5,220 34,688 1,073 


of the Contents of the Stomach and _ the 
enous Injection of 200 Ce. of a 5 per 


d-Alanine 1 a Man* 


Duodenal Return 


Bile 
Pigment 
(Dilu- 
tion 


Trypsin Amylase Lipase 
Units Units Units 
(Amount(Amount(Amount 


x 


(Dilu- 
tion 


Amt. 
of 
Juice, 
Ce. 


Activ- 
ity) 


Activ- 
ity) 


Activ- 


ity) Amount) Amount) 


15.0 5,120 24,550 


4,982 435 

29 
2,432 
7,326 


2,924 


8,480 
2,880 
51.2% 
49,500 


27,942 
12,175 1,044 
74,240 
62,370 
31,280 
43,860 


32,040 


139,004 
144,738 
122,536 


159,578 


34,000 
58,400 
584,800 
495,000 


43,000 159,874 


28,80) 146,520 


— 
Bile 
Acids 
(Dilu- 
tion 
ity 
38 30.0 
500 
! 58 2,872 
1% 0.104 oF .5 12.0 720 288 24,000 
0.095 0 
1 0.082 OS ZB 360 
1% 0.08 19 5 
14 0.080 1022 110 15.5 1,915 1,705 224,750 
1% 0.069 35.0 
2 0.067 11) 19,240 4,560 498,750 
2% 0.063 118 123 18.5 
Ne 0.060 9 110 54.0 9,720 5,400 756,000 
2% 0.059 70 15 
3 116 120 15.0 75.0 20,625 4,125 900,000 
19.5 
Be 108 82.0 5.0 8,000 2,100 525,000 
3% 112-19) 
4 
Times 
Which Bile 
Speci- Acids 
», m= 4.610 272 -:11,200 
6 © 15 50 300 «9,295 78 140 8,000 
40) 3.5 
50,580 
52 Ot 13.0 
40 48 300 3€ 19,800 
7% 2.0 
S SO 640 550,400 
6 136 
% 104 
282 68.0 
15 13 29.6 
lll #119 73.0 
3% 107 44.5 
113 122 86.0 
12 «119 0.0 
4 ns 129 190 0 


Taste 14.—Results of the Analyses of the Contents of the Stomach and 
Duodenum Following an Intravenous Injection of 10 Gm. of Glycocoll 
and 40 Gm. of Dextrose Dissolved in 200 Ce. of Water in a Man* 


- — 


Amino- Gastric Juice 
at Acid p= - = 
Whieh Nitrogen Trypsin Arnylase Lipase Bile sile 
Spec i- in Units Units Units Pigment Acids 
mens Blood Whole Free Amt. Amt. (Amount(Amount(Amount (Dilu- (Dilu- 
Were Sugar, B'’ood, Hydro-Total of of x x tion tion 
Collected, per Mg. in chlorie Aeid- Juice, Juice, Acti Activ- Activ- . 
Hours Cent 10)Ce. Acid ity ce. Ce. ity ity) ity) Amount) Amount) 


Fasting 


Duodenal Return 


18 
0.105 10,22 29. 7,375 36,020 7,080 14,750 


0106 10.3040 32,30 4,070 % 5,900 
Following an injection of glycocoll and dextrose 

0.358 16.10 : ag 10.7 

0.211 15.52 : 

0.151 13.70 

0.106 10.39 

0.073 10.03 
10.08 


14,047 


6,970 


2,600 22,932 oT: 377 20,150 
26 800 91,120 24,120 9,380 192,40) 


38,500 136,508 71,610 9,240 74,600 


en BOS 


37,440 151,398 40,950 7,24 408,000 
38/400 156,720 43,920 4,560 180,000 

"954 76 i 0 37,440 176496 39,780 4,914 210,800 
* Same mar as tnet@ble 12840 


TapLi. 15.—Kesults of the Analyses of the Contents of the Stomach and the 


Duodenum Following a Hypodermic Injection of 2 mg. ef Atropine Sulphate * 


and an Intravenous Injection of 200 Cc. of 5 per Cent Solution 
of Glycocoll Man? 


Amino- Gastrie Juice Duodenal Return 
Nitrogen Trypsin Amylase Lipase Bile 
in Units Units Units Pigment 
Blood Whole Free Amt. Amt. (Amount(Amount(Amount (Dilu- 
Sugar, Blood, Hydro-Tota!l of x tion 
Collected, per Mg. in chlorie Acid- Juice lice, Activ- \etiv-  Aetiv- 
Hours Cent 100Cre. Acid ity ity) ity) Amount 
Fasting 
0.089 10.16 36 3.4 3,080 15,670 
% 47 58 
1 0.090 10.85 50 ¢ 25. 12.600 


Following an injection of glycocoll 


4 0.087 30 

le 0.088 30 

% 0.082 

1 0.085 

1% 0.089 

1% 0.087 

1% 0.001 

0.006 

0.004 ore 

0.0988 ) 

0.092 2. 2. 5,760 O78 5,76 126,000 
0.092 J 

0.093 &2 31,000 107,012 3, 
0.089 


* Atropine sulphate was injected fifteen minutes before the injection of glycocol! 
+ Same man as in table 12. 


z 0.082 10.07 121 127 0 33.5 
0086 ..... 120 198 
2% 0.084 10.39 116 119 77.0 ee 
2% (0.085 
4 
Bile 
Acids 
(Dil 
tion 
Amonnt 
5,3 
23,040 
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Taste 16.—Results of the Analyses of the Contents of the Stomach and the 
Duodenum Following the Intraduodenal Injection of 20 Gm. of Glycocoll Dis- 
solved in 200 Cc. of Distilled Water in a Man, Aged 31* 


Times Amino- Gastric Juice Duodenal Return 

Which Nitrogen Trypsin Amylase Lipase Bile Bile 
Speci- in Units Units Units Pigment Acids 
mens Blood Whole Free Amt. Amt. (Amount(Amount(Amount (Dilu- (Dilu- 
Were Sugar, Blood,Hydro-Total of of x x x 


tion tion 
Collected, per Mg. in chlorie Acid- Juice, Juice, Activ- Activ- Activ- x x 
Hours Cent 100Cc. Acid ity Ce. Ce. ity) ity) ity) Amount) Amount) 


Fasting 

% 46 55 7.6 

Ww 0.092 7.15 33 47 4.3 5.6 1,792 13,110 358 269 11,200 

1 0.092 7.33 2 31 5.7 24 20 5,945 173 79 4,440 
Following an injection of glycocoll 

% 0.090 7.08 9 21 26.5 

Ww 0.004 8.42 0 10 6.6 27.0 8,440 37,300 8,640 1,161 56,700 
% 0.107 8.53 0 6 4.5 

1 0.101 9.32 4 4 62 3.5 1,120 5,625 2,333 214 13,300 
1% 0.112 8.92 20 3% 9.0 

1% 0.113 8.23 i] 7 225 2.0 500 2,902 670 18 1,100 
1% 0.106 83 90 37.0 

2 0.096 8.70 9% 101 39.0 16.2 8,100 51,986 4,002 1,490 77,600 
O10l..... 98 31.0 

% 0.101 7.87 70 76 06 21.0 10,500 62,391 17,220 2,205 153,300 
3 6.60 106 112 15.0 40.0 12,300 56,800 24,300 152 212,000 


*The glycocoll solution was concentrated, so that its resorption was very slow. As a 
result there usually happens at first a reflex inhibition of the gastric secretion and a reflex 
discharge of the pancreatic juice and bile. 


TABLE 17.—Results of the Analyses of the Contents of the Stomach Following an 
Intravenous Injection of 100 Cc. of a 5 per Cent Solution of Glycocoll 
in a Dog Provided with a Gastric Fistula 


Dog 2, female, weighing 12 Kg.; experiment conducted twenty days after providing the 
gastric fistula 


Blood Gastrie Juice 
Sugar, - ~ ~ 
Times at Which Specimens Were per Free Total Amount of 
Collected, Hours Cent HCl Acidity Juice, Ce. 
Fasting 


0.094 


# 

~ 


| 
| 
| 
| 
| 
} 
| 


Following an injection of glycocoll 
79 2.0 
% 3.2 
108 6.4 
130 10.2 
90 14.6 
90 4.3 
100 6.3 
73 25.5 
o4 10.0 
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The amino-acids that were used for our investigation, invariably 
caused a pronounced secretion of the gastric juice when administered 
intravenously or intraduodenally to man and to dogs. This secretion 


TaBLe 18.—Results of the Analyses of the Contents of the Stomach Following an 
Intravenous Injection of 100 Cc. of a 5 per Cent Solution of Glycocoll in a 
Dog with Both Vagi Severed Directly Above the Diaphragm and 
Provided with a Gastric Fistula 


Dog 4, a female, weighing 15.4 Kg.; experiment twenty-nine days after severing the vagi 
and six days after providing a gastrie fistula 


Blood Gastric Juice 
Sugar, - 
Times at Which Specimens Were per Free Total Amount of 
Colleeted, Hours Cent HCl Acidity Juice, Ce 
Fasting 
cd 0.080 104 4.2 
Following an injection of glycocoll 
0.096 67 100 4.0 
0.089 58 2.3 
0.083 47 86 1.3 


TaBLe 19.—Results of the Analyses of the Contents of the Stomach Following an 
Intravenous Injection of 100 Cc. of 2.31 per Cent (Mol/10) Glutamic 
Acid Hydrochloride 


A. Dog 5, female, weighing 15.0 Kg.: B. Dog 4, female, weighing 15.4 Kg.; 


experiment done twenty-two days after experiment done eighty-nine days after 
providing a gastric fistula severing both vagi, and sixty-six days 
after providing a gastric fistula 
Times at Gastrie Juice Times at Gastrie Juice 
Specimens Free Amount Specimens Free Amount 
Were Hydro- Total of Were Hydro- Total of 
Collected, _chloric Acid- Juice, Collected, chlorie Acid- Juice, 
Hours Acid ity Ce. Hours Acid ity Ce. 
Fasting Fasting 
4% 85 103 9.0 % 48 75 1.0 
110 126 6.8 72 0.6 
% 112 125 10.4 % 73 8 08 
1 104 117 8.0 1 72 8 0.5 
Following an injection of glutamic Following an injection of glutamic 
acid hydrochloride acid hydrochloride 
62 74 4.0 0.3 
oe] of 104 1.0 ly About the same 0.2 
% es 112 1.2 % acidity as before 0.2 
1 108 113 6.6 1 the injection 0.2 
14 112 12 15.6 1% 0.2 
1% 114 121 13.0 1% 72 bl 1.5 
14% 118 126 11.0 
2 116 15 2.0 


was inhibited by an injection of dextrose or atropine sulphate. In a dog 
in which both vagi were severed directly above the diaphragm, this 
excitatory influence was not shown. From these facts it is evident that 
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Tarr 20.—Results of the Analyses of the Contents of the Stomach Following an 
Intravenous Injection of 100 Cc. of a 1 per Cent Solution of 
Histidine Hydrochloride 


A. Dog 5; experiment conducted thirty B. Dog 4; experiment conducted 100 days 
days after a gastric fistula was made after severing both vagi, and seventy- 
seven days after a gastric 
ie fistula was made 
Times at Gastric Juice Times at Gastrie Juice 
Which Which - — 
Specimens ree Amount Specimens Free Amount 
Were | Totz f Were Hydro- Total 
Collected, i Acid- ice. Collected, chlorie Acid- 
Hour: Aci ity e. Hours Acid ity 


Fasting Fasting 
2 1 88 120 
ly ¢ 2.5 84 114 
1 100] 


Following an injection of histidine Following an injection of histidine 
hydrochloride hydrochloride 
St 105 5: 
86 101 2.3 68 110 
s7 104 3. % 
110 90 120 
10s | 
62 91 


TapLe 21.—Results of the Analyses of the Contents of the Stomach and the 
Duodenum Following the Intraduodenal Injection of Butter in the Amount 
of 1 Gm. per Kilogram of Body Weight in a Man, Aged 23 
IVeighing 47 Ka. 


Times Gastric Juice Duodenal Return 

Trypsin Amylase Lipase bile 
Speci- i Units Units Units Pigment 
mens Blood Whole Free : - Amt. (Amount(Amount(Amount (Dilu- 


at 
Whieh 


Were Sugar, Blood, Hydro-'Total of x x tion 
Collected, per Mg. per chloric Acid- li Juice, Activ-  Actiy- Activ- x 
Hours Cent 100Ce. Acid ity ‘e. Ce. ity) ity) ity) Amount) Amount) 
Fasting 

0.088 0.25 86 7.2 26.0 13,000 60,242 9,78 1,378 169,000 
5 
1 0.086 0.26 i 6 41.5 20,750 62,250 1,743 228,250 
Following an 

1 


ly 088 ‘ 3.5 37,200 9, 124,620 14,880 1,081,500 


20,000 42, 72,500 4,150 850,000 
50,000 51,825 112,500 4,950 1,000,000 
87,000 98,5 70,300 3,700 740,000 
11,500 27,198 60,960 460,000 


60,000 114,000 


800 
06 
05 
0.2 
0.3 
11 3 
Bile 
Acids 
(Dilu- 
1 
0.079 0 9.8 
3 0.082 0.24 a9 67 13.0 30.0 CC 5,760 1,200,000 
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amino-acids, after entering the circulatory system, stimulate the auto- 
nomic nervous center and from this center the stimulus is transmitted 
through the autonomic nervous system to the reacting tissue cells. 
The manner in which such substances as amino-acids excite the secretory 
activity might be called “the humoroneural excitation of the digestive 
juices” (in this case, “of the gastric juice’). The amino-acids act 
in just the contrary manner to dextrose. The question whether these 
amino-acids have also a direct influence on the secretory mechanism of 
the pancreatic and biliary glands is next considered. Our investigation 
showed that the secretions of pancreatic juice and bile rather diminish 
at first (one hour and somewhat longer), followed by a pronounced 
increase. The results secured by one of us (K. K.) in a dog provided 
with a pancreatic or biliary fistula coincide with those mentioned. The 
profuse secretion that is observed later seems to be due mainly to the 
secretin mechanism and sometimes partly also to hypoglycemia, as at 
this period the gastric secretion is already profuse and hypoglycemia 
often occurs. We often observed a reactive hypoglycemia after the 
administration of amino-acids just as after that of sugar though to a 
less degree, which was perhaps due to the discharge of insulin into 
the circulatory system from the pancreas. The duodenal return collected 
at this period is usually dilute and is rather secretin juice than nervous 
secretion. From the foregoing facts we conclude that amino-acids 
excite the gastric secretion humoroneurally, and as a consequence the 
secretin mechanism develops which causes secondarily the pancreatic 
and biliary secretions. 

The action of fats on the secretory activity of the digestive juices 
was studied. It is in genera! accepted that fats are strong excitants of 
the pancreatic and biliary secretions. The action of fats on the gastric 
secretion, however, is not invariable. It is generally accepted that fats 
cause an inhibition of the gastric secretion in the first phase (from 2 
to + hours), while they cause an increased secretion, with low digesting 
power, in the second phase lasting for several hours. We used butter 
and olive oil for intraduodenal administration and a cod liver oil and 
lecithin preparation for intravenous injection. The determination of 


lipoids (fat) in the blood was carried out by the method of Bloor.* 


5. Bloor, W. R.: A Method for Determination of Fat in Small Amounts of 
Blood, J. Biol. Chem. 17:377, 1914; A Method for the Determination of Lecithin 
in Small Amounts of Blood, ibid. 22:133, 1915; The Determination of Cholesterol 
in Blood, ibid. 24:227, 1916. Bloor, W. R.; Pelkan, K. F., and Allen, D. M.: 
Determination of Fatty Acids (and Cholesterol) in Small Amounts of Blood 
Plasma, ibid. 52:191, 1922. Bloor, W. R.: Methods for the Determination of 
Phosphoric Acid in Small Amounts of Blood, ibid. 36:33, 1918. 
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TabLe 22.—Results of the Analyses of the Contents of the Stomach and the 
Duodenum Following the Intraduodenal Injection of 200 Ce. of a 25 per 
Cent Solution of Dextrose and Butter in the Amount of 1 Gm. per 
Kilogram of Body Weight in a Man* 


Gastric Ji lice Duodenal Returnt 
Which Acids Trypsin Amylase Lipase Bile Bile 
Spec i- in Units Units Units Pigment Acids 
mens Blood Whole Free Amt. Amt. (Dilu- (Dilu- 
Were Sugar, Blood,Hydro-Total of of x x tion tion 
Collected, per Mg. perchloric Acid- Juice, Juice, Activ- Activ- Activ- “ x 
Hours Cent 100Ce. Acid ity ce ce ity) ity) ity) Amount) Amount) 
Fasting 
36 44 5.0 
In 0.080 0.24 4 2 3.5 22.0 17,600 48,268 6,980 440 44,000 
% Alkaline 8.6 
1 0.082 0.25 Alkaline 18 385 30,800 §1,43 18,865 2,888 423,500 


Following an injection of dextrose and butter 


4 0.155 yee Alkaline 4.6 

ly 0.182 0.27 Aikaline 42.0 20.0 10,000 18,420 = 30,000 2,440 400,000 
% 0.149 Alkaline 0.0 

1 0.105 0.20 Alkaline 14.0 4.0 3,200 6,656 3,560 a 26,000 
1% 0.073 mneas Alkaline 15.2 

0.069 0.27 Alkaline 0.5 10.0 10,000 23,090 39,000 1,000 200,000 
1% 0.068 Alkaline 10.0 

2 0.068 0.25 37.0 37,000 66,415 125,800 12,580 1,480,000 
214 0.075 18 26 


4 
2 vases 4.0 
0.077 5.4 W.0 ),000 99,950 255,000 2,000 2,100,000 
2 2.5 

45 61.0 45,500 97,356 128,100 5,734 976,000 


* Same man as in table 20. 
t That the duodenal return at one hour is scant notwithstanding the fact that the fatty 
acids content of the blood is highest at this per.od shows the inhibitory influence of dextrose. 


Tape 23.—Results of the Analyses of the Contents of the Duodenum Following 
the Intraduodenal Injection of Butter in the Amount of 1 Gm. per 
Kilogram of Body Weight and a Hypodermic Injection of 
2 mg. ina Mant 


Fatty Duodenal Return 
Times at Acids — 
Which in Trypsin Amylase Bile 
Specimens Blood Whole Amount Units Units Units Pigment Acids 
Were Sugar, Blood, of (Amount (Amount (Amount — — 
Collected, per Gm. per Juice, x 
Hours Cent 100 Ce Ce. Activity) Activity) Activity) Amount) Amount) 
Fasting 
1 
tee 
2 ens neon 52.0 16,640 72,644 19,032 2,236 416,000 
1 0.087 0.23 9.5 3,040 13,272 4,275 399 76,000 
Following an injection of butter 
% 0.091 
pond 0.24 23.0 1,000 54,800 13,500 16,250 1,375,000 
1 0.091 0.29 12 1,200 1,831 2,904 612 45,600 
1% 0.084 
4 ped 0.28 35.0 17,500 45,100 94,500 7,000 6,125,000 
A ; 0.096 0.22 17.0 13,600 24,140 44,880 5,100 3,060,000 
™ 0.091 0.23 15.5 12,200 24,149 44,020 5,735 232,500 
3 0.082 0.23 25.0 20,000 40,650 95,000 7,500 425,000 


* Atropine sulphate was injected fifteen minutes after the butter. From fifteen to forty- 
five minutes after the injection no secretion of pancreatic juice and bile occurred, notwith- 
standing the fact that the fatty acids content of the blood was highest at this period. 

+ Same man as in table 2). 
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Our experiment showed also that fats are strong excitants of pan- 
creatic and biliary secretions. The characteristic feature of the juice 
secreted in the stimulation of fats is that it is extraordinally thick and 
rich in pancreatic ferments, bile pigments and bile acids. This property 
is pronounced and characteristic, regardless of whether fats are intro- 
duced intraduodenally or intravenously. This secretion is distinctly 
inhibited by the injection of dextrose or atropine, so that it is evident 
that fats stimulate the autonomic nervous centrum and from this centrum 
the stimulus is transmitted through the autonomic nervous system to the 


Tasie 24.—Results of the Analyses of the Contents of the Duodenum Following 
the Intraduodenal Injection of Olive Oil in the Amount of 1 Gm. per 
Kilogram of Body Weight in a Man with Diabetes Mellitus, 

Aged 21, Weighing 52 Kg. 


Duodenal Return 


Trypsin Amylase Lipase Bile Bile 

Blood Amount Units Units Units Pigment Acids 

Sugar, of (Amount (Amount (Dilution (Dilution 
per Juice, x x x x . 
Cent Ce. Activity) Activity) Activity) Amount) Amount) 


0.124 27.5 5.500 68,145 27,500 8,250 
0.110 18.0 9,000 57,600 46,800 9,900 
Following an injection of olive oil 

9.6 25,709 12,480 

34.0 92,106 255,000 

40.5 100,359 182,250 

4,000 28,000 

68,545 10,440 

68,714 7,770 

27,414 4,050 

98,981 1,725 


reacting tissue cells. The action of fats on the gastric secretion is, in 
our experiments, dualistic; i. €., it is sometimes inhibitory and at other 
times excitatory. 

It is now apparent that dextrose causes an inhibitory stimulation of 
the autonomic nervous center, and amino-acids and fats on the contrary 
an excitatory stimulation. Amino-acids act electively on the center 
that controls the gastric secretion, while fats act on the centrum that 
controls pancreatic and biliary secretions, though that of gastric secretion 
is not quite excluded. From these facts it seems interesting to investi- 
gate whether dextrose has a decisive inhibitory influence on the gastric 
secretion, and in consequence on the secretin mechanism, when a usual 
mixed diet is administered. For this purpose we introduced a certain 
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Tasie 25.—Results of the Analyses of the Contents of the Stomach and the Duo- 
denum Following an Intravenous Injection of 100 Cc. of a Cod Liver Oil and 
Lecithin Preparation (6 per Cent Fat Emulsion) in a Man, Aged 31 


Times 

at 

Which 
Speci- 

mens 

Were Blood 
Col- Sugar, 
lected, 
Hours Cent 
Fasting 


% 


Following an 
% 


Fatty 
Whole 
Blood, 


100 Ce. 
0.003 0.234 
0.236 
0.259 
0.250 
0.242 


in 
Whole 
Blood, 


100 Ce. 
0.253 
0.254 
0.288 
0.268 
0.255 


0.236 
0.231 
0.235 


Choles- 
Acids Lecithin terol 
in 


in 


injection of cod liver 


0.1 


0.124 


0.1 


Whole 
Blood, 
per Gm. per Gm. per Gm. per Free Acid-Juice, Juice, Activ- 

100 Ce. ity 


oil and 


19 


: 


~ 


Total 


Ce. Ce. 


Gastrie Juice 


Tryp- 


sin 


Units 
(Rmt. (Amt. 


Amt. Amt. 
of of 


ity) 


300 
120 


0.0 


0.0 7.0 


18,376 
12,500 
11,360 

8,640 


9,400 


Duodenal Return 


Amy- 
lase 
Units 
(Amt 


Activ- 


ity) ity) 


3,366 


2,002 


lecithin preparation 


19,207 4,550 


42,342 7,150 
8,200 
15,620 


3,456 


29,940 
42,969 
20,650 

1,250 


Lipase Pig- 
Units 
. (Dilu- 


Activ- 


Bile Bile 
Acids 
(Dilu- 
tion 


ment 


tion x 
Activ- 
ity) 


x 
Activ- 
ity) 


406 15,400 


2,517 121,550 
4,200 
6,340 
1,026 


100,000 
85,200 
45,360 

395 13,750 


Taser 26.—Results of the Analyses of the Gastric Juice of a Man, Aged 24: A, 
Following the Intraduodenal Injection of 200 Cc. of 25 per Cent Dextrose, 
and the Administration by Mouth of 200 Cc. of a 5 per Cent Solution of 
Meat Extract; B, Following the Intraduodenal Injection of 200 Ce. 
of Distilled Water and the Administration by Mouth of 200 Ce. 


Times at Which 
Specimens Were 
Collected, Hours 
Fasting 


% 


1 


Following 
% 


Following 


of a 5 per Cent Solution of Meat Extract * 


A 


Blood Sugar, 
per Cent 


0.092 


0.088 


0.138 
0.165 


0.134 
0.113 
0.104 
0.086 
0.083 
0.091 
0.101 
0.107 
0.101 
0.104 


Gastrie Juice: 


Free Hydro- 
ehlorie Acid 


an injection of dextrose 


Ww 
4 


the administration of meat extract 


0 
0 
0 
0 
4 
48 
72 


Times at Which 
Speeimens Were 
Colleeted, Hours 
Fasting 

1 


Following 


Following 


ba 
1 
Ike 


B 


Blood Sugar, 
per Cent 


0.118 


0.124 


0.131 
0.105 


0.102 
0.085 
0.092 
0.092 
0.105 
0.008 


Gastrie Juice: 
Free Hydro- 
chlorie Acid 


an injection of distilled water 


29 


the administration of meat extract 


* The gastric secretion 
comparison with the results of the controlling research. 


is 


inhibited for about one hour when dextrose was injected, in 


The remnants of meat extract were 


found in the former for about two hours, while in the latter for about one hour, showing that 
the gastric motility was also pereeivably inhibited when dextrose was injected. 
develops also when an isotonic solution of dextrose is used if the amount of it is sufficient. 


This inhibition 


|| 
= 
= 
O17 2 ll 70 18 7 
1 0118 6 412 12 74 4 
1 48 143 
29 50.0 
| | 6.0 10.0 
2 0.076 0.253 0.121 1 30 14.3 
26 0.080 0.260 0.123 19 9.0 10.8 
2% 0,080 6.0 
3 0.085 0257 #O117 0 5.0 25 2,000 
| 
st = 51 
1 7s 1 | 20 
q 
= 
| | || 
69 
14% 58 
116 
1% 
2 
24 
2, 
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quantity of dextrose solution into the duodenum, and at the time when 
its inhibitory action was evident (usually thirty minutes afterward), 
the test breakfast, meat extract, rice-bran extract, alcohol and catfeine 
solutions, all of which are known as marked excitants of the gastric 
secretion and are widely used to determine the secretory activity of 
the stomach, were given by mouth. — As the controlling experiment we 
introduced into the duodenum the same amount of distilled water as of 
dextrose solution, and compared the results of both procedures on the 


Tape 27.—Results of the Analyses of the Gastric Juice of a Man, Aged 23; A, 
Following the Intraduodenal Injection of 200 Cc. of a 25 per Cent Solution of 
Dextrose and the Administration by Mouth of 200 Ce. of Rice-Bran 
Extract; B, Following the Intraduodenal Injection of 200 Cc. of Dis- 
tilled Water, and the Administration by Mouth of 200 Ce. 
of Rice-Bran Extract * 


B 
Times at Which Gastrie Juice: Times at Which Gastric Juice: 
Specimens Were Blood Sugar, Free Hydro- Specimens Were Blood Sugar, Free Hydro- 
Collected, Hours per Cent chlorie Acid Collected, Hours per Cent chlorie Acid 
Fasting Fasting 
1 1 


4 
0.113 
ay 
0.101 1 0.080 
Following an injection of dextrose Folloxing an injection of distilled water 
0.160 § 4 0.087 ‘ 
le 0.207 Ly 0.100 
Following the administration of ri¢e-bran Following the administration of rice-bran 
extract extract 

1 

0.122 ly 0.080 

0.083 O.075 

0.062 ( 0.087 

O.074 1 0.004 

0.072 y 0.1038 

6.072 0.108 

0.084 2 0.101 

0.085 56 0.096 

0.081 0.008 

6.083 2% 0.101 

3 0.008 


dextrose is not low but the 
amount of juice to be collected was reduced to the minimum, so that the inhibitory action 
of dextrose was evident. The appearance of free hydrochloric acid after administration 
of rice-bran extract was about thirty minutes later than in the control research, and the 
disappearance of the rice-bran remnants from the stomach was also about thirty minutes 
siower, 


gastric secretion. The result of the test breakfast was shown in the 
fourth paper of the present series. 

These observations proved that dextrose inhibits the stimulating 
effect of all ingested excitants of the gastric secretion. After an 
injection of dextrose, the reappearance of the free hydrochloric acid 
when the substances mentioned were ingested was postponed from 
thirty minutes to one hour and fifteen minutes in comparison with 
control researches. The reappearance of the free hydrochloric acid in 
the latter depended on the test substances used; it occurred latest when 


TasLe 28.—Results of the Analyses of the Gastric Juice of a Man, Aged 23; A, 
Following the Intraduodenal Injection of 200 Cc. of a 25 per Cent Solution 
of Dextrose and the Administration by Mouth of 300 Cc. of a 5 per Cent 
Alcohol; B, Following the Intraduodenal Injection of 200 Cc. of Dis- 
tilled Water and the Administration by Mouth of 300 Cc. 


Gastrie Juice Times at Gastrie Juice 
Wh 
Free 
Hydro- 
chloric Total 
Acid Acidity 


51 6 
68 
55 64 
64 71 


Following an injection of dextrose Following an injection of distilled water 


% 5 40 % 0.072 3l 40 
% i 0 % 0 074 32 44 


Following the administration of alcohol Following the administration of alcohol 


0.163 
0.133 
0.108 
0.087 
0.094 
0.097 
0.094 


18 
47 
38 
3 
65 
1 


7 

67 
50 
36 
53 


48 


* The appearance of the free hydrochloric acid was retarded for one hour and fifteen 
minutes in the main research. 


Tape 29.—Results of the Analyses of the Gastric Juice of a Man, Aged 23; A, 
Following the Intraduodenal Injection of 200 Cc. of a 25 per Cent Solution 
of Dextrose and the Administration by Mouth of 0.2 Gm. of Caffeine 
Dissolved in 300 Cc. of Distilled Water; B, Following the Intraduo- 
denal Injection of 200 Cc. of Distilled Water and the Adminis- 
tration by Mouth of 0.2 Gm. of Caffein Dissolved in 
300 Cc. of Distilled Water 


Gastrie Juice 
Free* 
Hydro- ere 
chloric Total Collected, 
Acid Acidity Hours 
Fasti 


Gastrie Juice 
= 


Bi) 
40 
Following an injection of dextrose Following an injection of distilled water 
% 0.160 53 % 0.065 6 18 
lg 0.191 30 40 Ky 0.062 10 20 


Following the administration of caffeine Following the administration of caffeine 


* The appearance of the free hydrochloric acid was retarded one hour in the main 
research. 


of 5 per Cent Alcohol 
A B 
Times at 
Which 
Specimens Blood 
Were Sugar, H 
Collected, e 
Hours t A 
Fasting asting 
% 53 62 
% 0.090 38 48 Wy 0.081 
1 0.092 @ 72 1 0.076 
% 0.083 9 
% 0.068 40 
% 0.065 32 
1 0.087 37 
14% 0.078 56 
1% 0.081 78 
1% 0.078 62 
: 0.092 2 0.081 6 
0.090 2% 0.083 43 
0.085 0.085 238 
0.087 i 2% 0.081 43 
0.085 3 0.073 88 
A B 
Which 
Specimens Blood Blood Free 
Were Sugar, Sugar, Hydro- 
Collected, per per chloric Total 
Hours Cent Cent Acid Acidity 
Fasting 
% 46 58 A 20 29 
% 0.170 0 3 % 0.072 0 4 
% 0.143 0 2 % 0.076 9 15 
% 0.133 0 2 0.072 26 oA 
1 0.092 0 2 1 0.074 46 
1% 0.072 0 > 4 14% 0.078 77 84 
1% 0.074 12 2 1% 0.076 61 70 4 
1% 0.072 79 90 1% 0.078 6 74 
2 0.076 110 119 2 0.081 G7 75 ; 
2% 0.074 116 124 
2% 0.076 18 136 
2% 0.076 125 135 i 
3 0.078 37 45 
Ne 


TasLe 30.—Results of the Analyses of the Gastric Juice of a Man, Aged 34, 
Following the Repeated Intraduodenal Injection of a 25 per Cent Solution of 
Dextrose and the Administration by Mouth of a Test Breakfast (Bread 
35 Gm., and Water 300 Cc.); B, Following the Repeated Intra- 
duodenal Injection of Distilled Water and the Adminis- 
tration by Mouth of a Test Breakfast 


B 
Gastric Juice Gastric Juice 
— — — 


~ = 


Cent Acid Acidity ‘ Acid Acidity 
Me 26 36 
70 
6 


Following an injection of 200 cc. Following an injection of 200 ce. of distilled 
water 
0.185 20 0.101 


Following the administration of Following the administration 
breakfast breakfast 


of dextrose 


No juice 


Tas_e 31.—Results of the Analyses of the Gastric Juice of a Man, Aged 33; A, 
Following the Repeated Intraduodenal Injection of a 25 per Cent Solution of 
Dextrose and the Administration by Mouth of 300 Cc. of 5 per Cent 
Alcohol; B, Following the Repeated Intraduodenal Injection of Dis- 
tilled Water and the Administration by Mouth of 300 Cc. 
~of 5 per Cent Alcohol 


B 
— — 


Times at Gastrie Juice Times at 
Specimens Blood Free Specimens Blood Free 
Were Sugar, Hydro- Were Sugar, Hydro- 
Collected, per ehloric Total Collected, per chloric Total 
Hours Cent Acid Acidity Hours Cent Acid Acidity 
Fasting Fasting 
0.109 0.098 11 19 
% % 12 21 
1 0.111 62 68 0.097 12 2 
Following the injection of 200 ce. of dextrose Following the injection of 200 cc. of 
0.127 4 distilled water 
24 % 0.100 5 10 


Gastrie Juice 


1 0.184 12 
Following the administration of alcoho! 
4 0.204 0 


% 0.100 a 30 
Following the administration of alcohol 
wy 0.179 0 4% 0.099 10 13 


0.100 4 16 


% 0.139 0 2 
Following the injection of 100 ce. of dextrose 
1 O177 2 


0.006 14 18 
Following the injection of 100 ec. of 
1% 0.153 0 2 distilled water 
Following the injection of 100 cc. of dextrose 1 0.088 22 
1% 0.141 1% 0.102 26 
Following the injection of 100 ce. of 
distilled water 


rome wre 


* The subject was drunk from thirty minutes to one hour at the most; after two hours 
he had almost recovered. 


A 
Which 
Specimens Blood Free Specimens Blood Free 
Were Sugar, Hydro- Were Sugar, Hydro- 
Collected, r chloric Total Collected er chloric Total 
Hours 
Fasting 
% 
% 
1 
% 0.201 0 2 % 0.098 20 27 
ly 0.173 0 2 ly 0.104 oA 46 
% 0.133 0 9 % 0.107 4 oT 
Following the injection of 200 = =6Pollowing the injection of 200 ce. of distilled 
water 
1 0.140 0 12 1 0.105 58 76 
1% 0.119 0 2 1% 0.109 55 75 
1% 0.107 0 13 1% 0.101 50 70 
1% 0.117 0 ll 1% 0.097 ot 72 
2 0.109 0 12 2 0.099 48 57 
0.101 12 24 0.098 18 
0.089 0 13 2% 0.006 
2% 0.093 40 52 
3 0.097 45 
. ™% 0.104 1% 0.102 30 3 
2% 0.088 1% 0.096 2 a1 
2% 0.081 2 0.102 20 3 
3 0.090 2% 0.102 16 a 
0.111 We 0.102 17 
She 0.102 2% 9.100 3 18 
3% 0.100 3 0.098 0 12 
4 0.097 3% 0.089 0 0 
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rice-bran extract was used and earliest when alcohol solution was 
administered. The time at which the hydrochloric acid reappeared, 
when a previous injection of dextrose was given, was usually one hour 
and thirty minutes after the ingestion of the test meal, i. e., two hours 


Taser 32.—Results of the Analyses of the Gastric Juice of a Man, Aged 31; A, 
Following the Repeated Intraduodenal Injection of 20 per Cent Dextrose and 
the Administration by Mouth of 300 Cc. of a 5 per Cent Solution of Meat 
Extract; B, Following the Repeated Intraduodenal Injection of 
Distilled Water and the Administration by Mouth of 300 Cc. of 
a5 per Cent Solution of Meat Extract * 


A B 
Times at Which Gastrie Juice: Times at Which Gastrie Juice: 
Specimens Were Blood Sugar, Free Hydro- Specimens Were Blood Sugar, Free Hydro- 
Colleeted, Hours per Cent ehloric Acid Colleeted, Hours per Cent ehlorie Acid 
Fasting Fasting 
1 1 
ly 0.082 
1 ORS 0.084 
Following the injection of 200 ce. of dextrose Following the injection of 200 ce. of 
distilled water 
0.1565 38 14 0.085 39 
te 0.189 No juice ly 0.087 31 


Following the administration of meat extract Following the administration of meat extract 


0.202 4 0.089 
0.178 0 ly 0.087 


0.146 0 4 0.004 


Following the injection of 100 ee. dextrose Following the injeetion of 100 
distilled water 
0.139 0 l 0.087 
1% 0.1387 0 1%4 0.098 
1% 0.075 0 0.089 


Following the injection of 100 ee. dextrose Following the injeetion of 100 
distilled water 
0 3 0.075 
0.182 0 O.084 
0.076 0 0.085 
injection of 100 ce. dextrose Following the injection of 100 
distilled water 
0.112 oY, 0.072 
0.119 O.094 
0.112 0 3 O.0S7 


injection of 100 ee, dextrose Following the injeetion of 100 
distilled water 

1.108 0 3% 0.084 
0.188 0 3% 6.078 
0.185 0 ‘ 0.085 
089 0.078 
0.068 29 

0.071 36 


* The color of the meat extract was pereeivable until the last specimen in main experi 
ment, While the gastrie juiee was almost colorless after two hours in the control experiment. 
Gastrie motility was also remarkably inhibited in the main experiment 


after the injection of dextrose. From this fact it seems likely that the 
reappearance of the free hydrochloric acid, when a previous injection of 
dextrose is made, does not depend on the substances ingested, but on 
the effect of dextrose itself. To prove this fact more precisely we 
tried to discover whether the excitatory effect of the substances men- 
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tioned may be inhibited as long as desired, by repeated injections of 
dextrose at adequate intervals. 

The results of the experiments regarding the intluence of repeated 
injections of dextrose into the duodenum on the excitatory function of 
the test breakfast, alcohol and meat extract showed that the secretory 
activity is likely to be inhibited as long as is desired. After repeated 
injections of dextrose, we observed a complete cessation of the gastric 
secretion (especially the free hydrochloric acid) for four hours, and it is 
likely that this cessation might be prolonged much longer if the repetition 
of injections of dextrose were continued. 


COMMENT 

That the secretory mechanism of the salivary glands is entirely 
nervous has been emphatically proclaimed by prominent physiologists. 
Starling expressed the opinion that “in the mouth the reaction must be 
rapid, and is entirely nervous.” Our results also showed that for this 
secretion no humoroneural mechanism exists. 

The secretion of the intestinal juice is of a special character. The 
local irritation of the mucous membrane of the intestine, mechanical or 
chemical, seems the strongest stimulation for this secretion. No direct 
connection exists between this secretion and the digestive process. It 
no cannula is inserted into the Thiry-Vella fistula, the secretion is 
usually minimal or almost stops. When a cannula is inserted into the 
fistula, the secretion occurs and continues for a long time, regardless 
of whether the animal is hungry or fed. Consequently, by giving foods 
(meat, bread, milk) it is impossible to produce a curve that is similar 
to the one obtained for gastric, pancreatic and biliary secretions. It is 
therefore logical to assume that the humoroneural regulatory mechanism 
fails in this viscus. 

The sugar that causes an inhibitory intluence on the secretory 
centrum of the digestive juices must be ready for use in the physiologic 
process of oxidation; on this process the quantity of glycogen stored 
has little influence. The regulatory intluence of this active sugar on the 
function of the digestive tissues is similar to that of oxygen on the 
function of the respiratory organs. A deficiency of oxygen stimulates 
the autonomic nervous centrum; from this centrum the stimulus is 
transmitted to the respiratory organs and causes a forced respiration. 
An excess of oxygen provokes an inhibitory stimulus which leads to 
apnea. As is well known, the incessant oxidation of sugar is uncon- 


ditionally necessary to maintain the living process. Therefore it is 


reasonable to suppose a similarity exists between the regulatory 
mechanism of these two substances and the organs from which thev are 
derived. 


3 
| 
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Amino-acids stimulate the autonomic nervous center and humoro- 
neurally provoke the gastric secretion. As a consequence, the secretin 
mechanism develops and the secretion of pancreatic juice and bile occurs. 
When protein is ingested, therefore, there is the nervous secretion of 
the gastric juice and digestion progresses; then, after resorption of the 
cleavage products of protein, the humoroneural stimulation of the 
secretory nerve occurs which renders the secretory process more active. 
The secretin mechanism follows this gastric activity, so that the digestion 
of protein progresses satisfactorily. 

Fats stimulate the autonomic nervous centrum, but mainly that of 
pancreatic and biliary secretions though that of gastric secretion is not 
excluded. In other words, amino-acids and fats stimulate the auto- 
nomic nervous center: the former, the centrum that controls the gastric 
secretion, and the latter, mainly the centrum that controls the pancreatic 
and biliary secretions. Such substances might be called “the humoro- 
neural excitants of the secretions of digestive juices.’’ Dextrose, on the 
contrary, is “the humoroneural inhibitant.”. When a mixed diet is 
ingested in large quantity these excitatory and inhibitory processes must 
inhibit each other. 

The secretory mechanisms of the digestive juices are rather complex, 
but may be classified as follows: 


Secretion Mechanism 
Gastric Neural 
Pancreatic Humoroneural 
Biliary Humoral 


The neural as well as the humoroneural mechanism is manifested in 
two opposite directions, namely, excitatory and inhibitory. 

As mentioned, the salivary secretion occurs exclusively through the 
nervous mechanism. It is well known since the painstaking works of 
Pavlov ° that this mechanism is manifested as the conditional and uncon- 
ditional reflexes, whereas for the gastric secretion the neural and the 
humoroneural mechanisms seem to be especially important. The con- 
ditional and unconditional reflexes play an important role in the neural 
mechanism when foods are ingested. The humoroneural mechanism, 
however, must not be neglected at this period. The neural and the 
humoroneural mechanisms are intimately related. When a digestive 
hyperglycemia exists, this causes humoroneurally an inhibition of the 
gastric secretion, so that at this period the neural mechanism may be 


6. Pavlov, J. P.: Die héchste Nerventatigkeit (das Verhalten) von Tieren: 
Fine zwanzigjahrige Priifung der objektiven Forschung Bedingte Reflexe, ed. 3, 
Munich, J. F. Bergmann, 1926; Les réflexes conditionnels: Etude objective de 
l'activité nerveuse supérieure des animaux, Paris, Félix Alcan, 1927. 
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suppressed and no secretion occur although appetizing foods are 
ingested. In hypoglycemia the autonomic nervous center is stimulated 
humoroneurally: therefore, if foods are ingested at this time, the neural 
excitation is added to the stimulation and the secretion is especially 
abundant. The hypoglycemia alone also causes humoroneurally an 
abundant secretion of the gastric juice, but if a sudden inhibitory neural 
impulse occurs, such as fright, anger, disappointment, pain, etc., this 
secretion might be entirely suppressed. From the foregoing facts it is 
evident that the neural and the humoroneural mechanisms cooperate 
sometimes while at other times they inhibit each other. In the second 
phase of the gastric secretion, the humoroneural excitants play a role 
to some extent. 

A purely humoral mechanism of the gastric secretion must also 
exist. It is well known that histamine provokes humorally the gastric 
secretion. We observed that hyperglycemia or atropine does not inhibit 
the secretory activity caused by histamine. It was also proved in our 
experiment that the severing of both vagi has not much influence on the 
excitatory activity of histamine. 

It might be emphasized also that hypoglycemia and hyperglycemia 
act on the motility and sensation (hunger and satiation) of the digestive 
tracts in the same way as on the secretion. 

The secretions of pancreatic juice and bile are controlled by the 
three mechanisms mentioned. The neural mechanism seems to play a 
lesser role in these glands than in the salivary and gastric glands. When 
acid chyme is poured from the stomach into the duodenum, the secretin 
mechanism develops at once, and there is active humoral secretion of 
pancreatic juice and bile. When the humoroneural excitants, like fats, 
are resorbed there is also marked secretion through this mechanism. 
We observed many substances which cause neurally (reflex) abundant 
secretions of pancreatic juice and bile when injected intraduodenally ; 
this is not the normal reaction, however, as the reflex secretions usually 
failed or were scant when these substances were ingested by mouth. 
On the other hand, some inadequate irritation of the duodenal mucous 
membrane, for example, application of concentrated saline solution or 
some dye stuffs for clinical purposes, causes nausea and vomiting or 
diarrhea; even when these symptoms fail, a reflex inhibitory impulse 
develops which stops the secretions caused neurally or humoroneurally. 
Hyperglycemia and hypoglcemia humoroneurally inhibit and excite 
these secretions and the relation between this activity and the neural 
mechanism is the same as in gastric secretion. 

The secretion of pancreatic juice and bile is undisturbed even when 
gastric secretion fails entirely, as in achylia gastrica or in cancer of 
the stomach. In these cases, the secretory activity progresses mainlv 
humoroneurally in association with the neural mechanism. 
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SUMMARY 
1. The salivary secretion is entirely nervous. No humoroneural 
mechanism for this secretion exists. 
2. The secretion of the intestinal juice is of special character, and 
the humoroneural regulatory mechanism fails in this viscus. 
3. The sugar that causes an inhibitory influence on the secretory 
center of the gastric, pancreatic and’ biliary juices must be ready for use 
in the physiologic process of oxidation. The quantity of glycogen 


stored has little influence on this process. 


4. Aminoracids stituulate the autonomic nervous center and humoro- 
neurally provoke the gastric secretion (“the humoroneural excitant of 
the gastric secretion”). As a consequence the secretin mechanism 
develops, and there is profuse secretion of pancreatic juice and bile. 

5. Fats also stimulate the autonomic nervous centrum, mainly that 
of pancreatic and biliary ‘secretions, though that of gastric secretion is 
not excluded (“the humoroneural excitant of the secretion of digestive 
juices”). 

6. The secretory mechanisms of the digestive juices are rather 
complex, but may be classified as follows: 


Secretion 

Gastric Neural 
Pancreatic ~ Humoroneura! 
Biliary \ Humoral 


The neural, as well as the humoroneural, mechanism is manifested in 
two opposite directions, namely excitatory and inhibitory. 

7. The gastric secretion is subjected mainly to the neural and humoro- 
neural mechanisms, while the humoral mechanism plays a lesser role. 

8. The secretory activity of pancreatic juice and bile follows mainly 
the humoral and the humoroneural mechanisms, while the neural 
mechanism seems to play a lesser role than in the upper part of the 
digestive tracts. When the gastric secretion is disturbed, however, the 
humoroneural mechanism plays the main role, associated with the 
neural mechanism. 

9. When both vagi are severed directly above the diaphragm, the 
humoroneural regulatory mechanism disappears, so that the importance 
of the autonomic nervous center and the vagus nerve for this mechanism 
is conclusively proved. 

10. The hyperglycemia caused by the intraduodenal administration 
of dextrose thoroughly inhibits the secretory activity of the stomach 
when a series of test meals are ingested and it is possible to continue 
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this inhibitory impulse as long as is desired by repeated injections of 
dextrose. This fact shows that hyperglycemia inhibits not only the first 
phase of the gastric secretion but also the second phase, so far as this 
is provoked by humoroneural excitants.* 


7. In the first paper of this series (Arch. Int. Med. 42:216 [Aug.] 1928), 
p. 273, lines 21 and 22, “The last tube in the row in which turbidity appears,” 
should read “The last tube in the row in which no turbidity appears; in the third 
paper (ibid. 43:413 [March] 1929), p. 416, line 17, “case 2” should read “case 11”; 
in the fourth paper (ibid. 43:446 [April] 1929), p. 451 to 463, in table 1 to table 15, 
“Kilo-Units” should be “Units”; on p. 465 of the same paper the figures in the 
last two columns should be transposed. 


THE EFFECT OF CARDIAC RATE AND THE INHALA- 
TION OF OXYGEN ON TRANSIENT BUNDLE 
BRANCH BLOCK * 


BENJAMIN M. BAKER, Jr., M.D. 


BALTIMORE 


While temporary or recurring abnormalities of supraventricular con- 
duction are common, notably during the administration of digitalis or 
during the course of rheumatic fever, disturbances of intraventricular 
conduction are more often permanent. Deranged right or left bundle 
conduction in clinical cases has been recognized since the experimental 
demonstration by Eppinger and Rothberger* of the form of galvano- 
metric curves obtained by sectioning the bundle in dogs. A number of 
anatomic studies has resulted in the demonstration of lesions affecting 
one or the other bundle in hearts from which, during life, curves had 
been recorded characteristic of bundle branch block. Evidence of this 
type of inefficiency of the conducting system is usually observed to 
persist, but to this generalization there are conspicuous exceptions. 
Lewis,? Mathewson,* Carter and Robinson each published records 
showing transient bundle branch block as a temporary phenomenon. 

It is the purpose of this communication to record further observa- 
tions on temporary bundle branch block and to discuss the nature of 
transient disturbances in the conduction of the excitatory process within 


the ventricular specialized tissue. 


* Submitted for publication, Nov. 15, 1929. 

*From the Cardiographic Laboratory of the Johns Hopkins Hospital and 
University. 

1. Eppinger and Rothberger: Ueber die Folgen der Durchschneidung der 
Tawaraschen Schenkel des Reizleitungssystems, Ztschr. f. klin. Med. 70:1, 1910. 

2. Lewis: Certain Physical Signs of Myocardial Involvement, Brit. M. J. 
1:484 (March 8) 1913. 

3. Mathewson: Lesions of the Branches of the Auriculo-Ventricular Bundle, 
Heart 4:385, 1912-1913. 

3a. Carter, E. P.: Clinical Observations on Defective Conduction in the 
Branches of the Auriculo-Ventricular Bundle, Arch. Int. Med. 18:803 (May) 
1914. 

4. Robinson, G. C.: The Relation of Changes in the Form of the Ventricular 
Complex of the Electrocardiogram to Functional Changes in the Heart, Arch. Int. 
Med. 18:830 (Dec.) 1916. Robinson, G. C.: The Significance of Abnormalities in 
the Form of the Electrocardiogram, Arch. Int. Med. 24:422 (Oct.) 1919. 
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REPORT OF CASE 


History —N. H., aged 75, a wheelwright, was admitted to the Johns Hopkins 
Hospital medical service, on Feb. 8, 1929, and was discharged on March 8, 1929, 
One brother had a “weak” heart, but there was no other history of cardiac disease 
in the family. The patient had enjoyed excellent health prior to the onset of his 
present illness. He had not been confined to bed by illness for fifty years. At the 
age of 25 he had suffered for ten days with swollen, painful ankles and fever. 
He knew of no heart complications associated with this illness. There had been 
no recurrences of “rheumatism,” and he had never had chorea. He had been 
singularly free from head colds and sore throats. A Neisserian infection at the 
age of 35 had left no symptoms, and syphilis was denied by name and by its 
common stigmas. 

The patient had performed hard labor until twelve years before entry to the 
hospital, without any symptoms related to the cardiovascular system. At this 
time he abandoned his occupation as a wheelwright, not because of ill health but 
because he considered he had attained an age justifying retirement. For the past 
twelve years he had no regular occupation but performed infrequent odd jobs not 
involving any severe physical test. 

Seven years before entry, he was seen in the outpatient department of the Johns 
Hopkins Hospital for relief from constipation. Examination of the heart at that 
time revealed no enlargement to the right; dulness to the left 11 cm. in the fifth 
space. Rhythm was regular; sounds were clear and there were no murmurs. The 
blood pressure at that time was 134 systolic and 80 diastolic. Five weeks before 
entry the patient caught “cold in his chest,” had a slight nonproductive cough and 
a dull pain in the left side of the chest, which was not exaggerated by breathing but 
which was made worse by exercise. This pain did not radiate to the shoulder or 
down either arm and was associated with neither breathlessness nor anxiety. 

After a week’s rest in bed at home, the patient came to the outpatient depart- 
ment again. During his entire life he had never suffered from dyspnea, orthopnea 
or edema of the ankles. On examination the physical observations were essentially 
the same as those noted subsequently. Because of an unusual type of cardiac 
arrhythmia demonstrated by electrocardiographic examination, further studies 
were advised, and he was sent home until arrangements for admission to the ward 
could be completed. 


Physical Examination.—The temperature was 99 F. (R); the pulse rate, 75; 
the apex rate, 77, and respirations, 20. The blood pressure was 235 systolic and 
110 diastolic. The height was 5 feet 4%4 inches and the weight was 156 pounds 
(70.8 Kg.). The patient appeared to be well developed, well nourished and intel- 
ligent; he looked much younger than his stated age. There was no orthopnea, 
dyspnea, edema or cough, but slight cyanosis of the lips and nail beds was present. 
The skeletal system was normal save for slight hypertrophic arthritis of the small 
joints of the hands. 

The pupils were equal and central with quick reaction to light and on accommo- 
dation. There was moderate arcus senilis. Extra-ocular movements were normal. 

The media and disks were clear. The retinal arteries were moderately tortuous 
and smaller than normal. No exudates or hemorrhages were noted. 

The mouth, nose and ears were normal save for complete adentia. 

There was no enlargement of the lymph nodes. 

The trachea was in the midline; no tugging was observed. The thyroid gland 
was not enlarged. There was moderate engorgement of the cervical veins with 
regular and normal pulsations occasionally interrupted by from eight to ten 
irregular and more rapid waves. 
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The thorax was large with horizontal ribs; there was symmetrical limitation of 
respiratory excursions. The anteroposterior diameter was increased. No abnor- 
malities were noted on percussion or auscultation save for the signs of well marked 
emphysema. No rales were heard at the bases. 

No shock, thrill or bulge was noted. There were no localized pulsations. The 
point of maximum impulse was not seen but barely felt in the fifth interspace, 
11 cm. to the left of the midsternal line. Percussion outlines in the intercostal 
areas indicated dulness to the right and left of the sternum as follows: 


Sem. If em: 
Ill 5.5 cm. 

TV 
V 115 cm. 


Sounds of moderate intensity were heard. The first systolic sound at the apex 
was sharp and not reduplicated, followed by a short, soft, low pitched systolic 


Fig. 1—Curve recorded Jan. 9, 1929, showing no regularly spaced P waves; 
marked notching of R I and III with slurring of R [; T waves opposite to main 
ventricular deflection in all leads; QRS 0.11 seconds. The levocardiogram was 
predominant. Auricular fibrillation is shown with right bundle branch block. 
The rate was approximately 142. 


murmur, not transmitted to the axilla nor over the body of the heart. No diastolic 
murmur was heard. The sound was less distinct over the base of the heart. In 
the second right interspace the first systolic sound was barely heard and was fol- 
lowed by a short, soft, high pitched murmur occupying the first half of systole. 
The second systolic sound was not loud but was distinctly tympanitic and was 
easily heard over the vessels of the neck. 

At times the cardiac rhythm was regular. After moderate exercise, the rhythm 
became grossly irregular. No alteration could be detected in the quality of the 
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heart sounds during the periods of irregularity save that they were delinitely of 
softer tone. 

The pulse rate was slow, and while the patient was at rest it was regular and 
of good volume. The tension was apparently increased. The vessel walls were 
greatly thickened and tortuous. 

There was no tenderness or rigidity of the abdomen. No masses were visible 
or palpable. There was a flat sound on percussion over the liver from the fifth 
interspace to the costal margin in the midclavicular line. There was no tender- 
ness in the right upper quadrant. The spleen was not palpable; there was no 
evidence of fluid in the peritoneal cavity. 

There was no clubbing of the fingers, no weakness, atrophy or trophic dis- 
turbances and no edema. 


Neurologic examination gave negative results. 


Fig. 2—Record taken Jan. 18, 1929, while patient was ambulatory. The rate 
during normal intraventricular conduction was 78. Regularly spaced P waves are 
occasionally visible; sino-auricular rhythm; P-R interval, 0.15 seconds; QRS, 0.05 
seconds. The main ventricular deflections are upward. The first three com- 
plexes of lead II are conspicuously different. The ventricular deflections are 
downward. The rate was 92. The curve shows slurring of R waves; delay in 
intraventricular conduction. The levocardiogram was predominant. 


Laboratory Studies—The hemoglobin was 90 per cent; the red blood cells 
numbered 4,100,000 per cubic millimeter and the white blood cells, 7,250 per cubic 
millimeter. Differential formula and smear were normal. 

The urine was clear and bright yellow. The following observations was noted: 
specific gravity, 1.015; acid; sugar, 0; albumin, faint trace throughout hospital 


== SSS SSS SSS 


818 ARCHIVES OF INTERNAL MEDICINE 


admission. Microscopic examination showed occasional hyaline and finely granular 
casts, but no leukocytes and no red blood cells were found. 

The Wassermann reaction was negative in both icebox and water bath fixations. 

Teleoroentgenogram: M. R., 4.cm.; M. L., 10.5 cm. The transverse diameter 
of the chest was 30 cm. 

The excretion of phenolsulphonphthalein was 45 per cent in two hours. 

The specific gravity varied from 1.013 to 1.022. The volume of urine during 
the day was 565 cc. and during the night, 325 cc. 

The nonprotein nitrogen was 37 mg. per cent. The blood sugar during fasting 
was 104 mg. per cent. The vital capacity was 2.6 liters or 70 per cent of normal 
for the patient’s weight and occupation. 


DISCUSSION OF ILLUSTRATIONS 

All records were made with the customary three leads and standard- 
ized so that a passage of 1 millivolt through the string resulted in a 
deflection of 1 cm. on the camera scale. 

The curve shown in figure 1, recorded Jan. 9, 1929, when the patient 
was first observed, reveals complexes characteristic of auricular fibrilla- 
tion and intraventricular block of the right bundle branch type. In the 
second record (fig. 2) taken nine days later, a conspicuous change is 
to be noted. The normal sinus rhythm with normal ventricular com- 
plexes in lead I changes to three aberrant ventricular complexes in 
lead II, followed by normal auricular waves and normal intraventricular 
conduction. 

Figure 3 shows persistent auricular fibrillation; there the normal 
ventricular complexes give way to characteristic aberrant complexes as 
the ventricular rate becomes more rapid. 

Following rest in bed and the administration of 2.9 Gm. of powdered 
digitalis leaves for a period of twenty-five days, the first strip of figure 4 
was obtained, showing normal sinus rhythm with normal intraventricular 
conduction. The patient was then made to raise and lower the right 
leg rapidly, and five minutes later the second strip of figure 4 was 
obtained showing an increase in cardiac rate from 58 to 91. With 
this more rapid rate, aberrant ventricular complexes replaced the previ- 
ously normal ones. In figure 5 the actual transition, induced by exercise, 
is recorded. 

Figure 6 shows the effects of the administration of oxygen for five 
minutes, by means of a mask, followed by exercise. Contrary to the 
effects of exercise in figures 4 and 5, following the inhalation of oxygen, 
exercise increased the cardiac rate without bringing about disturbed 
conduction through the ventricular conducting system. 

This observation was confirmed in figure 7, in which it can also be 
seen that the administration of oxygen brought about the disappearance 
of evidence of impaired intraventricular conduction. 
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Fig. 3.—Record taken Feb. 9, 1929. Lead II shows transition from auricular 
fibrillation with very slow rate and normal intraventricular conduction to a more 
rapid rate with auricular fibrillation and delayed intraventricular conduction. 


Fig. 4.—Record taken Feb. 13, 1929. The upper curve shows normal sinus 
rhythm with normal intraventricular conduction. The rate was 58; P-R interval, 
0.17 seconds. The lower curve was taken five minutes later. The cardiac rate 
was increased by exercise of the right leg with electrodes in place. The rate was 
91; P-R interval, 0.16 seconds ; QRS, 0.12 seconds. There was normal sinus rhythm 
and delayed intraventricular conduction. 


Fig. 5.—Record taken Feb. 13, 19209—Lead I: Same experiment as shown in 
figure 4 but actually showing the transition from normal sinus rhythm with normal 
intraventricular conduction to normal sinus rhythm with delayed intraventricular 
conduction with faster rate induced by exercise of the extremity free from 
electrodes. 


= 


Fig. 6—Record taken Feb. 27, 1929. The upper curve shows normal sinus 
rhythm throughout and normal and aberrant ventricular complexes. The rate was 
74. The R-R interval between the second and third complexes was 0.84 seconds 
and between the third and fourth complexes, 0.96 seconds. In the first two 
instances aberrant ventricular complexes occur and in the fourth a normal com- 
plex. The lower curve was obtained following the inhalation of oxygen for five 
minutes and during exercise of the right leg. The rate was 90; the average “R-R” 
interval, 0.67 seconds. Ventricular complexes were all normal. 


delayed intraventricular conduction. The rate was 79; QRS interval, 0.12 seconds ; 
(2) taken after the administration of oxygen for five minutes with the patient at 
rest. There was normal intraventricular conduction. The rate was 70; the 
QRS interval, 0.07 seconds; (3) administration of oxygen continued but patient 
exercising. There was normal intraventricular conduction. The rate was 79; the 
QRS interval, 0.07 seconds. 


e 
Fig. 7.—Record taken Feb. 27, 1929. All strips of Lead II: (1) persistent 
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COMMENT 

When the records shown in figure 2 were first examined, it was 
noted that bundle branch block was no longer constantly present and 
that the actual transition from aberrant to normal ventricular complexes 
was illustrated in lead II. Because of the fact that the abnormal 
ventricular conduction occurred both in the presence of fibrillation of 
the auricles and more rapid cardiac rate, it seemed of interest to deter- 
mine which, if either, of these factors was responsible. This was made 
clear when lead II in figure 3 was examined. Here, though the auricular 
fibrillation persisted, both normal and aberrant ventricular complexes 
were present. 

From the data thus far collected it was apparent that faulty con- 
duction through the ventricular portions of the bundle bore a certain 
relation to the cardiac rate. In other words, whenever the period of 
rest between ventricular systoles was of sufficient length, the intraven- 
tricular conduction time was within normal limits, and whenever this 
period was somewhat shortened, faulty conduction ensued. 

To test the validity of this hypothesis, the ventricular rate was slowed 
by rest in bed and the administration of appropriate doses of digitalis. 
In a number of records the ventricular complexes were found to be 
normal, with a cardiac rate of about 60. The rate was then increased 
by having the patient alternately raise and lower the right leg with the 
electrodes in place. In figures + and 5 it can be seen that with the 
shortening of diastole a limit was finally reached below which normal 
conduction through the ventricles no longer occurred. 

The interpretation of our observations seems fairly simple, though 
the exact nature of the underlying disturbance is considerably more 
complex. In this case a functional derangement of the ventricular 
conducting system becomes demonstrable only under conditions demand- 
ing a more rapid distribution of the excitatory process as the cardiac 
rate is increased. 

That simple asphyxia may in some instances affect intraventricular 
conductivity has been shown by Lewis * and by Resnik.® In clinical 
cases Barach and Woodwell? have observed bundle branch block to 
diminish in degree (records not published) following the inhalation of 
oxygen. In these experiments, as illustrated in figures 6 and 7, the 
administration of oxygen brought about a striking improvement in 
intraventricular conductivity. The aberrant complexes disappeared dur- 


5. Lewis: Observations upon Disorders of the Heart’s Action, Heart 3:279, 
1911-1912, 

6. Resnik: Observations on the Effect of Anoxaemia on the Heart, J. Clin. 
Investigation 2:117, 1925. 

7. Barach, A. L., and Woodwell, M. N.: Studies in Oxygen Therapy with 
Determination of the Blood Gases, Arch. Int. Med. 28:367 (Oct.) 1921. 
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ing inhalation of oxygen. Furthermore, during administration of 
oxygen, although the cardiac rate was increased by exercise, well above 
the point provoking delayed conduction in all previous observations, the 
normal appearance of the ventricular complexes was retained. 


CONCLUSIONS 

Faulty intraventricular conduction may in certain instances occur as 
a transient phenomenon. In this event it is not necessary to assume 
a permanent or complete anatomic interruption of the continuity of 
the bundle. It is more probable that in hearts exhibiting the phenomenon 
there is functional inefficiency in conduction which may yield ventricular 
complexes of aberrant form under the stress of greater demands on 
the myocardium. One of these demands is the necessity for more rapid 
ventricular output. Inhalation of oxygen may in such cases appreciably 
increase the ability of the bundle to conduct the excitatory stimulus. 


Book Reviews 


An OUTLINE OF ENpocRINOLOGY. By W. M. Crorrton, B.A., M.D., Lecturer 
of Special Pathology, University College, Dublin; Pathologist, Dr. Steeven’s 
Hospital, Dublin. Second edition. Price, $3. Pp. 163, with 53 illustrations. 
New York: William Wood & Company, 1929. 


This book is brief and is clear in diction. Everything else that must be said 
about the volume is unfavorable. In fact, it is essentially an uncritical propaganda 
of polyglandular therapy by mouth. 

The author states in the preface that “Time is steadily vindicating the effective- 
ness of the oral administration of endocrine products for therapeutic purposes.” 
The general unreliability of the book is emphasized by the following quotations, 
picked at random from the several chapters. On page 19, the author states that 
“pituitrin produces a marked diuresis.” The contrary is the case, particularly in 
diabetes insipidus and when diuresis is produced by liquids by mouth. On page 35, 
the author says that “Adrenalin is very successful in the treatment of osteomalacia” ; 
and on the following page, “In Addison’s disease adrenalin is given by mouth every 
two hours.” Further, “Adrenalin ought to be useful in a condition that results 
from over-action of the ovarian internal secretion. For instance in menorrhagia 
and metrorrhagia it might be combined with testicular substance.” 

On page 57, “Parathyroid extracts twice or three times a day are recommended 
as efficient in chronic infections.” On page 63, the author states that “the thymus 
gland should always be used in rickets” and “testicular substance or ovarian or 
both should be extensively used in status lymphaticus, thymic asthma, and 
myesthenia gravis.” On page 73, “For the purpose of increasing lactation, a com- 
bination of corpus luteum, mammary substance and placenta may be used. Such 
combinations are available commercially.” On page 76, “Testicular substance (by 
mouth) is clearly one of the most powerful tonics we possess for both men and 
women.” On page 84, “Spleen extract combined with liver and external ferments 
of the pancreas can be obtained commercially (Kinazyme) in the form of tablets. 
1 to 3 of these can be given three times a day after food. I have found it of 
the greatest possible use as a routine for improving the nutrition of tuberculous 
patients.” 

In the chapter on the pancreas and diabetes the author states: “Insulin is not 
the only product which controls diabetes. There are several products which 
have been on the market for several years which, given by mouth, will enable 
the majority of patients to metabolize sufficient glucose to keep them with a feeling 
of well-being.” On the following page there occurs free advertising of Carnrick’s 
trypsinogen, Fairchild’s holadin and the Pan Secretin Company of the Harrower 
Laboratories as a therapeusis for diabetes. 

These quotations suffice to indicate to the informed physician the general 
unreliability of the book. In the epilogue the author states that “every cell in 
the body is under the control of the nervous system, under the control of which 
it carries on its normal activities.” As every informed reader knows this is an 
open question, especially in relation to the endocrine glands, with the exception of 
the medulla of the suprarenal glands and the production of epinephrine. The 
author appears to be promulgating all of these therapeutic vagaries or proved 
errors in all seriousness, but on page 71 there appears to be an indication of Irish 
wit when he says that “In prima donnas, in whom it is important to preserve 
the quality of the voice, the use of ovarian substance would be worth a trial.” 
Books of this stripe reflect on the credit of the medical profession of this generation. 
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DisEASE AND MAN. By Draper. Price, $4.50. New York: The 
Macmillan Company. 


This is one of a series of books forming what is designated by the publisher 
“The Anglo-French Library of Medical and Biological Sciences.” Each volume 
is published in both French and English with the hope that a closer bond between 
British and French men of science will thus be effected. Dr. Draper includes 
in the present volume much of what he has written in his “Human Constitution,” 
certain previously published lectures and a sample clinic on constitution for students. 
Thus the whole work becomes a general treatise on constitution adapted more 
for medical students and practitioners than for advanced students of disease. 

Draper feels that Man may best be described in four panels, each part necessary 
for a complete picture. These panels are termed the morphologic, the immunologic, 
the physiologic and the psychologic. The last named panel is perhaps stressed 
most in the present volume. One feels decidedly that in discussing the psychologic 
factors of man in relation to his diseases that the constitutionalist runs off the 
track of objectivity to which he has so conscientiously clung heretofore. The 
author forgets that the so-called “cure” of a patient by unearthing a repressed 
and painful early conflict from the patient’s memory or subconsciousness, discussing 
it with him, and impressing him with its causal relationship to the complaint, 
does not prove that it actually is part of the cause. Following is one of Dr. 
Draper’s examples: A woman had not been in good health or slept well for thirty 
years since the death of her baby whose every cry she had answered during its 
illness. On investigation the patient's bedroom was found to be next to an alley 
in which cats (baby’s cry) howled each night. After realizing the similarity of 
the cry of the cats to her baby’s cry, the patient slept soundly. 

The author’s discussion of the relation of morphologic characteristics to various 
disease types and his anthropometric studies are excellent. His consideration of 
the relations between sex and disease merits careful study. The work as a whole 
is well worth perusing. 


THE Eye 1N GENERAL MeEpiciInE. By A. MAITLAND Ramsay. Price, $5. 
New York: William Wood & Company. 


This book, a second edition, the first having appeared in 1909, is divided into 
ten chapters which deal with: (1) the living eye considered as one of nature’s 
laboratories; (2) the constitutional factor in disease, with special reference to some 
of the ocular manifestations of disordered carbohydrate metabolism; (3) some of 
the ocular manifestations of defective elimination; (4) the rdle played by the 
capillaries in the causation of disease, with special reference to the etiology of 
acute primary glaucoma; (5) the unification of physiologic and pathologic processes, 
with special reference to the muscle of the iris and the ciliary body; (6) the 
medical aspects of eye strain; (7) the offensive power of microbes and the defensive 
mechanism of the body, with special reference to pneumococcal ulceration of the 
cornea; (8) the reaction of the body to noxious agents, with special reference to 
toxic inflammation of the iris; (9) some ocular manifestations of cardiovascular 
disease, and (10) the importance of constitutional in addition to local treatment in 
many diseases of the eye. 

The chapter on medical aspects of eye strain will call the reader’s attention to 
the eye as a cause of symptoms which are not always associated with it, and may 
lead to speedier relief from symptoms when the possibility of eye strain is early 
called to the physician’s attention. The argument in chapters two and three is 
rather far fetched and represents the author’s ideas rather than those accepted 
by the medical profession at large. 

The book, while interesting reading material, is too general, has little scientific 
value and cannot be recommended as a text on the relation of disease of the eye 
to systemic disease either to the graduate or the undergraduate in medicine. 
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THe VOLUME OF THE BLOOD AND PLASMA IN HEALTH AND Disease. By 
LEONARD G. ROWNTREE and GEORGE E. Brown, with the Technical Assis- 
tance of GRACE M. Rortn. Price, $3. Philadelphia: W. B. Saunders Company. 


In this monograph, the authors present the results of their clinical studies of 
the blood and plasma volumes with the dye method of Rowntree, Keith and 
Geraghty. 

The first four chapters are devoted to a discussion of the method, and careful 
consideration is given to the criticisms which have been made against it. From 
the evidence presented it seems justifiable to conclude that the method, while not 
ideal, is a practical procedure which should yield fairly reliable results. The 
reliability of the hematocrit readings has been increased by the adoption of 
Whipples’ procedure involving the use of 1.6 per cent of sodium oxalate solution. 

In chapter 5 are presented the values for seventy-four normal subjects. The 
remaining chapters are devoted to the consideration of the values obtained in 
250 cases of various diseases. The authors have chosen to interpret their results 
on the basis of variations in the mean values for disease groups from the mean 
values for normal groups. In those instances in which the means are derived from 
very small series of cases the significance of moderate variations must be considered 
doubtful. 

The book should stimulate the interest of clinicians in the further study of 
this important subject. 


MoperN METHODS OF TREATMENT. By LoGAN CLENDENNING, M.D., Professor 
of Clinical Medicine, University of Kansas, with chapters on special subjects 
by several authors. Third edition. Cloth. Price, $10. Pp. 815, with 95 
illustrations. St. Louis: C. V. Mosby Company, 1929. 


In this work, the author “planned to furnish an outline of all the methods of 
treatment used in internal medicine” and to “describe each method of procedure 
so clearly and minutely that a person who has never seen it performed could do 
it from the description.” The first part of the book describes the procedure; the 
second part gives the indications for its application, based on the principles of 
physiologic pathology. 

It is a rather ambitious undertaking for a single volume, and completeness 
and thoroughness have not been attained. However, the book contains an unusual 
amount of material of great practical value to the practitioner, and the style of 
presentation is interesting and clear. 

The reviewer takes exception to the intravenous administration of epinephrine 
chloride, 15 minims (0.92 cc.) of a 1: 1,000 solution in shock, collapse, pneumonia, 
etc., believing this to be not without danger and possibly to be lethal in action. 


DisEASES TRANSMITTED FROM ANIMALS TO Man. By Tuomas G. HUvtt. 
Price, $5.50. Springfield, Ill.: Charles C. Thomas, 1930. 


The material contained in the 303 pages of text is arranged in five sections 
which deal with diseases of domestic animals and birds, rodent infections, human 
diseases spread by animals, animals as passive carriers of disease organisms and 
the role played by each animal in the spread of disease. Tuberculosis, anthrax, 
foot and mouth disease, Malta fever and contagious abortion, milk sickness, 
actinomycosis, smallpox and chickenpox, glanders, rabies, psittacosis, food poison- 
ing, swine erysipelas and diseases caused by animal parasites are discussed in the 
first section; plague, tularemia, spirochetal jaundice, rat-bite fever and Rocky 
Mountain spotted fever in the second; botulism, tetanus and gas gangrene in the 
third; the relation of human infections to infections in animals, septic sore throat, 
diphtheria, scarlet fever and other human diseases sometimes contracted by animals 
in the fourth; and the réle of cattle, horses, swine, sheep, goats, dogs, cats, rats 
and mice, poultry, birds and wild game in the fifth. 
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The chapters state briefly the essential facts and stress the epidemiologic 
importance of the diseases. 

The book is of value to those seeking general information of this character 
rather than detailed data of a strictly scientific nature. 


Tue CHemIcAL Aspects oF ImmuNitTy. By H. G. WeEtts. Revised edition. 
Monograph Series, No. 21. Price, $6. New York: The Chemical Catalog 
Company. 


A book of the type which Wells has written can be written only by one who 
is thoroughly conversant with both chemistry and immunity; a book that is so 
easily read can be written only by one who can clearly differentiate the essential 
from the less essential; a book that is so concise and so condensed can be written 
only by an experienced teacher. While the reviewer may find no great alterations 
from the first edition, the revision takes cognizance of practically all the recent 
developments in immunology. Thus Wells definitely puts aside the lipoids as 
antigens — this in line with the consensus of most immunologists. Of course, such 
rejection by no means lessens the importance of the lipoids in many immunologic 
processes because of their rather diverse physical properties. As one of a series 
of monographs issued by the American Chemical Society the book fulfils every 
requirement that can be demanded by the title. It is remarkably short; it is 
clear, and it is accurate, and for this reason it is of value not only to the chemists 
who wish a superficial orientation but even to the immunologists who may desire 
a rapid survey of a certain field. It is to be regretted that one cannot so 
characterize medical books more frequently. 


A PatTient’s MANvuAL oF DraBetes. By HERBERT W. Moxon. Price, $2.25. 
New York: William Wood & Company, 1929. 


With so many excellent manuals already on the market, any new contribution 
to this field should possess some exceptional quality to justify its presence. In 
this manual the author seeks, in the earlier chapters, to give the patient a more 
complete understanding of the disease and the principles which underlie its treat- 
ment than do other texts of this type. These chapters are excellent and should 
serve their purpose well. Particularly good are the two in which a comparison 
is made for the patient of the working of the human engine in health and in 
diabetes. The remaining chapters differ little from similar ones in other publica- 
tions of this type, except for the descriptions of the Line-Ration system of R. W. 
Lawrence and the Five-Gram Diet scheme of L. A. Harrison. These systems 
are little used in this country. 


